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ABSTRACT 

The  literature  concerned  with  methods  for  the  assessment  of 
adrenocortical  function  was  reviewed.  Several  investigators  have 
reported  that  the  determination  of  plasma  or  urinary  cortisol  by 
competitive  protein-binding  radioassay  was  both  practical  and  useful. 

The  objective  of  this  experimental  study  was  development  of  the 
technique  for  urinary  and  plasma  cortisol  by  competitive  protein 
binding  and  the  evaluation  of  this  method  for  the  diagnosis  of  disorders 
associated  with  cortisol  metabolism.  The  reliability  of  this  procedure 
was  satisfactory  by  the  criteria  of  specificity,  sensitivity,  precision, 
and  accuracy. 

Urinary  and  plasma  cortisol  determinations  were  carried  out  on 
samples  from  286  subjects.  These  subjects  included  normal  adults  and 
children,  subjects  with  obesity,  hypertension,  diabetes  mellitus, 
hirsutism,  Cushing’s  syndrome,  adrenal  insufficiency,  thyroid  disorders, 
hepatic  disease,  renal  failure,  non-adrenal  tumors,  normal  pregnancy, 
toxemia  of  pregnancy  and  subjects  receiving  various  medications. 

All  ten  values  of  urinary  cortisol  found  in  Cushing’s  syndrome 
exceeded  the  normal  range.  The  plasma  and  urinary  cortisols  in  pregnant 
women  in  the  third  trimester  were  increased  and  differed  significantly 
from  nonpregnant  individuals,  but  no  difference  was  observed  in  pre¬ 
eclampsia.  The  highest  values  of  plasma  and  urinary  cortisol  were  noted 
in  patients  with  ACTH-producing ,  extra-adrenal  tumors.  Subjects  receiving 
dexamethasone  or  patients  with  adrenal  insufficiency  had  low  values. 

These  studies  indicate  the  value  of  the  measurement  of  urinary  free 
cortisol  in  the  detection  of  adrenocortical  hyperfunction,  in  agreement 
with  the  work  of  several  previous  investigators. 
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CHAPTER  I 
INTRODUCTION 

The  original  research  of  Britton  and  Silvette  (1)  in  1932 
established  the  relationship  of  the  adrenal  to  carbohydrate  metabolism. 
These  authors  showed  that  extracts  of  this  gland  were  capable  not  only 
of  restoring  the  blood  sugar  and  liver  and  muscle  glycogen  in 
adrenalectomized  animals  but  also  would  influence  carbohydrate 
metabolism  in  the  normal  animal.  At  that  time  they  suggested  that  the 
increase  in  hepatic  glycogen  might  form  the  basis  of  a  test  for 
measuring  the  potency  of  adrenal  extracts.  In  1942  Reinecke  and 
Kendall  (2)  published  a  quantitative  method  for  the  assay  of  adrenal 
hormones  based  upon  the  ability  of  these  substances  to  cause  deposition 
of  glycogen  in  the  livers  of  adrenalectomized  fasted  rats. 

The  biological  methods  for  corticosteroids  have  been  classified 
by  Dorfman  (3)  into  five  main  groups:  1)  methods  depending  on  survival 
and  growth,  2)  electrolyte  tests,  3)  glycogen  deposition  tests, 

4)  thymus  weight  tests,  and  5)  anti-inflammatory  and  "stress”  tests. 
These  methods  have  ceased  to  be  used  in  clinical  practice,  but  are 
still  of  value  in  assessing  the  physiological  activity  of  synthetic 
compounds . 

The  quantitative  estimation  of  adrenal  corticosteroids  in  urine 
and  in  peripheral  blood  has  proved  to  be  a  valuable  method  of 
assessment  of  adrenocortical  function  in  man  over  the  past  20  years. 

A  very  large  number  of  chemical  methods  for  quantitative  determination 
of  plasma  and  urinary  corticosteroids  have  been  established.  Although 
extensive  progress  has  been  made  in  the  study  of  the  nature,  chemistry, 
and  physiology  of  adrenal  hormones,  methods  of  estimation  still  vary 
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widely  in  sensitivity.  In  the  appraisal  of  adrenocortical  function  by 
routine  laboratory  procedures,  hormonal  production  is  indirectly 
estimated  by  measuring  their  degradation  products. 

Three  different  reactions  are  commonly  employed  for  the  quantita¬ 
tive  measurement  of  cortisol  and  related  steroids.  The  Porter-Silber 
reaction  (4)  is  the  most  specific  of  these  in  that  it  is  a  measure  of 
compounds  which  retain  the  dihydroxyacetone  structure  of  the  side  chain 
at  C-17.  The  reaction  with  blue  tetrazolium  (5)  is  more  general,  in 
that,  as  a  measure  of  reducing  power,  a-ketols,  dihydroxyacetone  deriva¬ 
tives  and  other  potential  reducing  groups  can  be  estimated.  The  method 
encompassing  the  largest  number  of  adrenal  steroid  metabolites  is  the 
measurement  of  the  so-called,  ketogenic  steroids  (6) ;  these  are  compounds 
which,  following  reduction  with  sodium  borohydride  and  after  oxidation 
with  bismuthate,  yield  17-ketosteroids  that  can  be  measured  by  the 
Zimmerman  reaction  (7).  The  assessment  of  adrenal  activity  in 
different  conditions  by  estimation  of  groups  of  corticosteroids  is 
complicated  by  the  perplexing  number  of  metabolic  pathways  of  varying 
importance  available  to  cortisol  and  other  biologically  active 
corticosteroids.  The  usefulness  of  these  measurements  is  therefore 
restricted,  especially  when  small  changes  in  adrenocortical  activity 
are  being  studied. 

In  assessing  adrenocortical  activity  it  is  necessary  to  examine 
the  relationship  between  the  anterior  pituitary  and  the  adrenal  cortex. 
Several  methods  have  been  used  to  test  this  relationship.  One  of  these 
consists  of  the  measurement  of  the  rise  of  urinary  and  plasma  steroids 
following  the  administration  of  corticotropin.  It  is  probably  the 
most  important  procedure  in  the  laboratory  diagnosis  of  adrenal  cortical 
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hypof unction.  This  assessment  of  "adrenocortical  reserve"  may  serve  to 
distinguish  between  Addison's  disease  and  hypopituitarism  which  is 
characterized  by  a  lack  of  pituitary  corticotropin.  A  second  method  is 
to  administer  a  potent  glucocorticoid  to  suppress  the  pituitary  secre¬ 
tion  of  corticotropin.  A  ^Qa-Fluorohydroc.or  tisone  or  its  16a-methyl 
analogue,  dexamethasone ,  has  been  employed  in  the  ACTH  suppression 
tests  proposed  by  Liddle  (8).  A  third  method  which  can  be  used  to 
test  the  responsiveness  of  the  adrenal  to  increased  endogenous  secretion 
of  corticotropin  is  to  examine  its  response  during  the  administration 
of  metopirone  (SU-4885)(9,  10).  This  substance  inhibits  the  113“ 
hydroxylation  step  in  the  synthesis  of  cortisol,  thereby  causing  an 
increased  excretion  of  metabolites  of  precursors,  mainly  tetrahydro- 
compound  S . 

A  more  meaningful  test  of  adrenal  function  is  the  cortisol 
secretion  rate  (11,  12).  To  obtain  these  values  the  subjects  receive 
intravenously  a  small  amount  of  isotopically-labelled  cortisol  of  known 
specific  activity.  A  suitable  urinary  metabolite,  usually 
tetrahydrocortisol  or  tetrahydrocortisone ,  is  purified  to  radiochemical 
homogeneity  and  the  specific  activity  measured  (13).  The  dilution  in 
specific  activity  of  the  administered  hormone  is  a  measure  of  the 
endogenous  hormone  production.  Si.nce  the  procedure  is  complex  and 
time-consuming,  it  is  not  practical  for  routine  use. 

The  ideal  methodology  for  determination  of  steroids  in  body  fluids 
is  the  quantitative  and  qualitative  estimation  of  individual  compounds. 
Chromatography  for  the  purification  and  separation  of  individual 
steroids  has  been  a  most  important  methodological  development  (14,  15). 
Quantitative  determination  of  corticosteroids  from  blood  and  urine, 
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following  purification  and  separation,  may  be  applied,  using  a  variety 
of  methods.  In  addition  to  the  phenylhydrazine  reaction  (Porter- 
Silber) ,  reduction  of  tetrazolium  salts  by  a-ketols,  and  the  reaction 
of  A^-3  ketosteroids  with  isonicotinic  acid  hydrazide,  measurement  of 
light  adsorption,  polarographic  determination  of  derivatives,  assay  of 
radioactivity  after  isotope  dilution,  measurement  of  fluorescence 
produced  by  certain  steroids  with  alkali  or  acid  and  enzymic  assay 
procedures  are  available. 

Of  those  hormones  potent  in  prolonging  the  life  of  adrenalectomized 
animals,  cortisol,  on  a  weight  basis,  is  probably  the  major  one  secreted 
by  the  normal  human  adrenal  cortex.  It  is  reasonable  to  estimate  this 
hormone  in  plasma  or  in  urine.  The  presence  of  cortisol  in  human  urine 
has  been  well  established  (16-18)  although  the  amount  of  free  unmetab¬ 
olized  cortisol  appearing  in  urine  is  small.  In  recent  years,  several 
workers  have  determined  the  fraction  by  various  procedures.  There  is 
a  wide  range  of  average  normal  values  reported  in  the  literature. 
Variations  in  methodology  probably  account  for  most  of  the  differences 
found  from  laboratory  to  laboratory.  Most  of  the  existing  methods 
require  chromatographic  purification  of  cortisol  and/or  the  use  of 
radioactive  cortisol  as  an  internal  recovery  standard,  both  of  which 
are  time  consuming  and  limit  the  number  of  samples  that  can  be  handled 
conveniently . 

A  method  for  the  determination  of  cortisol  was  developed  by  Murphy, 
Engelberg  and  Patee  (19,  20)  using  the  principle  of  competitive  protein 
binding.  The  procedure  involves  a  competition  of  the  steroid,  extracted 
from  urine  or  plasma,  with  a  fixed  amount  of  isotopically-labelled 
cortisol  for  the  limited  number  of  binding  sites  of  transcortin 
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(corticos teroid-binding  globulin,  CBG)  present  in  a  standard  plasma. 

The  fraction  of  the  labelled  cortisol  bound  to  the  protein  under 
standardized  conditions  is  a  measure  of  the  amount  of  cortisol  present 
in  the  plasma  or  urine.  For  separation  of  the  free  and  protein-bound 
fractions,  equilibrium  dialysis  or  gel  filtration  on  Sephadex  (21)  or 
adsorption  on  Dextran-coated  charcoal  (22)  may  be  employed.  A  more 
simple  procedure  for  this  separation  utilizes  solid  adsorbents.  In  the 
present  study  this  method  proved  practical,  relatively  rapid  and 
accurate . 

The  value  of  the  measurement  of  urinary  free  cortisol  in  the 
assessment  of  adrenocortical  function  was  first  pointed  out  by  Cope  and 
associates  (23-25) .  It  was  emphasized  that  the  procedure  was  of  special 
value  in  detecting  increased  adrenocortical  function  and  this  has  been 
confirmed  by  the  work  of  others  (11,  26-31).  The  significance  of  the 
excretion  of  cortisol  in  urine  has  been  appreciated  more  since  it  was 
recognized  that  it  was  the  nonprotein-bound,  biologically-active 
component  (32)  which  was  available  for  filtration  and  excretion  by  the 
kidney.  Recent  studies  (33)  indicate  that  increases  in  the  plasma 
concentration  of  free  cortisol  are  accompanied  by  a  linear  increase 
in  cortisol  excretion  in  the  urine. 

It  is  the  purpose  of  this  study,  first,  to  review  the  methodology 
for  the  determination  of  urinary  and  plasma  cortisol  by  competitive 
protein-binding  radioassay  as  developed  by  Murphy  et  at.  (20)  and  second, 
to  determine  its  value  in  the  diagnosis  of  pathological  conditions. 
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CHAPTER  II 

MATERIALS  AND  METHODS 

A.  Subj ects 

1.  Normal  Group.  The  subjects  studied  consisted  of  students, 
nurses,  technical  staff  and  convalescent  patients.  Care  was  taken  to 
exclude  patients  with  known  endocrine,  hepatic  or  renal  disease  and 
any  who  might  recently  have  received  corticosteroids,  estrogen  or 
ACTH. 

2.  Pregnant  Group.  Thirty- two  normal  pregnant  women,  from  the 
fourth  through  the  thirty-ninth  weeks  of  pregnancy,  were  studied  in 
collaboration  with  the  Department  of  Obstetrics  and  Gynecology  of  the 
University  of  Alberta  Hospital.  Eleven  pregnant  women  were  studied, 
who  showed  some  features  of  preeclampsia  (arterial  hypertension, 
albuminuria  and  edema) . 

3.  Pathological  Group.  The  patients  studied  were  hospitalized  in 
the  University  of  Alberta  Hospital  with  various  endocrine,  hepatic  or 
renal  diseases,  and  non-endocrine  tumors. 

B .  Specimens 

1.  Urine .  Fresh  12  or  24-hr  urine  collections  were  obtained 
without  preservative  and  either  analyzed  fresh  or  refrigerated  or 
deep-frozen  at  -13°  C  until  the  cortisol  estimation  was  carried  out. 

In  the  investigation  of  the  diurnal  excretion  of  cortisol,  the  urine 
collection  was  divided  at  7:00  so  the  12-hr  day  sample  was  collected 
from  7  a.m.  to  7  p.m.  and  the  12-hr  night  sample  from  7  p.m.  to  7  a.m. 
Urine  was  collected  from  3  individuals  every  2  hr  for  investigation 

of  excretion  pattern  of  urinary  cortisol  during  24  hr. 

2.  Blood.  Five  ml  of  blood  was  drawn  between  8  and  9  a.m.,  and 
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again  between  3  and  4  p.m.  Heparin  was  used  as  an  anticoagulant. 

C.  Materials 

Cortisol-1 , 2-* * 3H  (specific  activity  53.0  Ci/mmole,  concentration 
0.00659  mg  in  1.0  ml  benzene-ethanol  solution)  was  obtained  from  the  New 
England  Nuclear  Corporation,  Boston,  Mass.  The  purity  of  cortisol-1 , 2-3H 
was  tested  as  follows:  1  yCi  of  the  radioactive  material  was  mixed  with 
200  yg  of  authentic  cortisol  and  chromatographed  on  Bush  C  and  Bush  B5 
paper  systems  (14).  The  radioactivity  was  recovered  in  1  major  area 
corresponding  to  the  authentic  cortisol  standard.  It  was  diluted  to  a 
concentration  of  10  yCi/ml  in  2%  ethanol  and  stored  at  -10°  C.  CBG- 
isotope  solution  was  prepared  as  follows:  5.0  ml  pooled  human  plasma, 

0.4  ml  of  cortisol-3H  solution  and  distilled  water  to  100  ml.  (Note: 
the  plasma  was  added  after  adding  most  of  the  water  to  avoid  precip¬ 
itating  the  protein  with  ethanol) . 

Fuller's  Earth,  product  No.  33053,  was  obtained  from  British  Drug 
Houses  (England)  Ltd. ,  and  was  used  without  further  preparation. 

Nonradioactive  cortisol  was  obtained  from  Mann  Research  Laboratories, 
New  York,  N.Y.  It  was  stored  at  -10°  C  at  a  concentration  of  10.0  yg/ml 
in  ethanol.  As  required,  the  stock  solution  was  diluted  with  ethanol  to 
give  a  working  standard  with  a  concentration  of  0.1  yg/ml. 

D.  Analytical  Methods 

1.  Urinary  Cortisol.  A  volume  of  1/3000  of  a  24-hr  urine  sample 

was  pipetted  in  duplicate  into  small  extraction  flasks  and  diluted  to 

3  ml  with  water.  After  shaking  twice  for  30  sec  with  equal  volumes 
of  methylene  chloride,  the  methylene  chloride  extracts  were  combined. 

A  2  ml  aliquot  of  each  extract  was  transferred  to  a  small  test  tube, 
placed  in  a  water  bath  at  45°  C,  and  evaporated  to  dryness  under 
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nitrogen.  To  provide  standards,  aliquots  (0.05,  0.1,  0.2,  0.3  and 
0.4  ml)  of  a  solution  containing  0.1  yg/ml  cortisol  in  ethanol  were 
pipetted  into  small  test  tubes  in  duplicate  and  evaporated  to  dryness. 

The  test  tubes  of  samples  and  standards  were  then  placed  in  a 
rack  and  1.0  ml  of  CBG-isotope  solution  was  added  to  each.  After 
shaking  for  a  few  seconds,  the  rack  was  placed  in  a  45°  C  water  bath 
for  5  min,  shaken  again,  then  cooled  to  10°  C  for  15  min.  While  at 
10°  C,  10  mg  Fuller's  Earth  was  added  to  each  tube.  The  rack  was 
shaken  vigorously  for  2  min  on  an  automatic  shaker  with  horizontal 
motion  and  returned  to  the  cold  water  bath  for  10  min.  After 
centrifuging  at  1800  rpm  for  2  min,  0.5  ml  supernatant,  corresponding 
to  protein-bound  cortisol,  was  transferred  into  vials  and  10  ml  of 
scintillation  liquid  (100  gm  of  naphthalene,  5  gm  of  2,  5-diphenyloxazole 
in  1  litre  of  dioxane)  was  added .  The  vials  were  counted  in  a  Nuclear 
Chicago  scintillation  spectrometer  and  the  mean  of  either  protein-bound 
cortisol  or  its  reciprocal  was  plotted  against  myg  cortisol  to  provide 
a  standard  curve.  The  amount  of  cortisol  in  the  urine  samples  was 
calculated  from  the  standard  curve.  Since  the  reading  from  the  standard 
curve  (X  myg)  corresponded  to  2  ml  of  extract,  the  cortisol  contained 
in  the  total  extract  (6  ml)  was  3  X  myg,  which  corresponded  to  1/3000  of 
a  24-hr  urine  volume  (TV) .  The  cortisol  in  this  total  volume  of  urine 
was  calculated  by  the  following  equation  and  expressed  as  yg/24  hr: 

Cortisol  in  TV  urine  =  3X.TV  .  3000  myg 

TV 

=  9000X  myg 

9X  yg 

When  the  cortisol  content  exceeded  360  yg/24  hr,  l/10th,  or  occasionally 
l/100th,  of  the  usual  volume  of  urine  was  processed  as  above. 
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2.  Plasma  Cortisol.  0.1  ml  of  plasma  was  pipetted  into  a  small 
test  tube  in  duplicate  and  1.0  ml  of  ethanol  was  added  to  each  for 
destruction  of  transcortin  by  precipitation.  After  mixing  for  20  sec 
on  a  Vortex  mixer,  the  tubes  were  centrifuged  for  5  min.  One-half  ml  of 
supernatant  was  transferred  to  a  tube,  placed  in  a  45°  C  water  bath 
and  evaporated  to  dryness  under  nitrogen.  Then  the  procedure  as 
described  for  urinary  cortisol  determination  was  followed.  The  results, 
expressed  as  yg/100  ml,  were  obtained  by  multiplying  the  reading  from 
the  standard  curve  by  2. 

Creatinine  was  measured  in  urine  according  to  the  Jaffe  reaction 
(colorimetric  method  with  1.15%  picric  acid  and  10%  sodium  hydroxide) 
for  checking  the  completeness  of  24-hr  urine  collection. 
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CHAPTER  III 
RESULTS 

A.  The  Reliability  of  the  Method 

The  reliability  of  the  present  method  was  found  to  be  satisfactory 
by  the  usual  criteria  of  sensitivity,  precision  and  accuracy.  An 
additional  important  requirement  of  a  method  is  its  practicability, 
which  is  defined  by  its  cost,  the  degree  of  skill  required  and  its 
speed.  Again  the  present  method  appeared  to  be  satisfactory  since 
one  technician  could  complete  20  urinary  determinations  in  duplicate 
in  18  hr  and  20  plasma  determinations  in  duplicate  in  17  hr. 

1.  Specificity.  The  specificity  of  the  method  has  been  shown  by 
Murphy  et  at.  to  be  very  high  with  respect  to  both  steroidal  and 
nonsteroidal  substances  (34).  It  was  reported  that  no  substances, 
except  a  few  closely  related  synthetic  steroids,  had  an  effect  which  was 
greater  than  1%  on  the  effect  of  cortisol.  However,  preliminary  exper¬ 
iments  performed  recently  in  the  laboratory  suggest  that  steroids  with 

a  similar  structure  to  cortisol  (e.g.  corticosterone  and  11-deoxycortisol) 
do  compete  appreciably  with  cortisol  using  the  present  competitive 
protein-binding  method.  Therefore,  the  term  "plasma  corticoids"  would 
be  preferable  to  "plasma  cortisol". 

2.  Sensitivity .  In  the  preparation  of  the  CBG-isotope  solution  it 
was  found  that  dilution  of  the  plasma  increased  sensitivity  (Fig.  1). 

As  the  concentration  of  plasma  in  the  CBG  solution  was  increased, 
resulting  in  a  greater  number  of  available  binding  sites,  the  standard 
curve  was  shifted  upward.  However,  a  low  sensitivity  was  obtained. 

In  contrast,  in  a  CBG  solution  with  a  low  concentration  of  plasma, 
the  latter  portion  of  the  standard  curve  became  flatter.  A  2.5% 


Figure  1 


Effect  of  Different  Concentrations  of  Plasma  in  CBG-Solution  on 

Standard  Curves.  Three  CBG-isotope  solutions  containing  the  same 
concentration  of  isotopically-labelled  cortisol  (4  yCi  %  3H-F)  but 
different  concentrations  of  plasma,  2.5%,  5%  and  7.5%,  were  used  for 
assay.  Unlabelled  cortisol,  in  concentrations  of  10,  20,  30  and 
40  myg,  was  used  for  competitive  protein  binding,  and  10  mg  Fuller's 
Earth  served  as  an  adsorbent  for  nonprotein-bound  cortisol.  Standard 
curves  were  established  by  plotting  concentration  of  unlabelled  cortisol 
against  protein-bound  cortisol  expressed  as  a  percentage  of  the  total. 
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Figure  I 

Effect  of  different  concentrations  of  plasma  in  CBG  solution  on 

standard  curves 


CORTISOL  (mug) 
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plasma  concentration  was  satisfactory  for  assay  purposes  over  the 
range  0-20  myg  of  cortisol.  A  concentration  of  5%  human  plasma  was 
preferable  for  the  range  0-40  myg  of  cortisol.  In  Fig.  2  the  effect  of 
various  concentrations  of  cortisol-1, 2-3H  (3H-F)  in  the  CBG-isotope 
solution  on  the  standard  curves  is  shown.  A  CBG  solution  with  a  low 
concentration  of  3H-F,  in  the  range  of  1-4  yCi%,  was  more  satisfactory 
for  an  assay  than  a  solution  with  3H-F  concentration  of  6  yCi%  since 
a  greater  sensitivity  was  obtained.  Furthermore,  the  sensitivity  was 
found  to  be  dependent  upon  the  concentration  of  Fuller’s  Earth  used 
in  the  assay.  The  greater  the  amount  of  the  adsorbent  added,  the 
greater  the  amount  of  3H-F  removed.  In  Fig.  3  is  illustrated  the  effect 
of  different  concentrations  of  Fuller’s  Earth  on  the  removal  of  3H-F 
from  water  compared  to  5%  plasma.  The  maximum  difference  between  the 
curves  occurred  at  a  concentration  of  10  mg  Fuller’s  Earth.  A  high 
sensitivity  is  obtained  with  concentrations  of  Fuller’s  Earth  in 
the  range  of  10-15  mg  (Fig.  4). 

3.  Precision .  This  was  assessed  on  the  basis  of  20  duplicate 
estimations  at  several  different  levels  of  cortisol.  The  standard 
deviations  calculated  from  these  duplicates,  using  the  formula 

S.D.  -j E (d2)  (35)  are  shown  in  Table  1  (d  is  the  difference  between 

v  2n 

duplicates  and  n  is  the  number  of  duplicate  analyses) . 

A  control  plasma  was  determined  in  duplicate  with  each  day's  run. 

The  mean  value  obtained  for  the  control  plasma  used  in  10  sets  of 
determinations  over  a  2-week  period  was  7.83  ±  0.87  yg/100  ml. 

4.  Accuracy .  Recoveries  of  unlabelled  cortisol  added  to  urine  and 
plasma  are  shown  in  Tables  2  and  3.  The  test  samples  were  determined 

in  duplicate  before  and  after  the  addition  of  various  amounts  of  cortisol. 


Figure  2 
3 

Effect  of  Various  Concentrations  of  H-F  in  CBG-Isotope  Solution  on 

Standard  Curves.  Four  CBG-isotope  solutions  containing  plasma  at  a 

3 

concentration  of  5%  and  various  amounts  of  H-F,  1,  2,  4  and  6  yCi  %  , 
were  used  for  assay.  Unlabelled  cortisol,  in  concentrations  of  10,  20, 
30  and  40  myg,  was  used  for  competitive  protein  binding,  and  10  mg 
Fuller's  Earth  served  as  an  adsorbent  for  nonprotein-bound  cortisol. 
Standard  curves  were  prepared  by  plotting  the  concentration  of 
unlabelled  cortisol  against  protein-bound  cortisol  expressed  as  a 
percentage  of  the  total. 
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in  CBG  isotope 


solution  on  standard  curves 


«  1  1  - J 

0  10  20  30  40 


CORTISOL  (mug) 


S'?  frS 


Figure  3 


3 

Effect  of  Different  Amounts  of  Fuller’s  Earth  on  the  Removal  of  H-F 

from  Water  and  5%  Plasma.  Different  amounts  of  Fuller's  Earth,  5,  10, 

3 

15,  20  and  25  mg,  were  used  as  an  adsorbent  for  removal  of  H-F  from 

3 

water  or  from  5%  plasma  in  water.  The  percentage  of  H-F  removed  was 
plotted  against  the  amount  of  Fuller's  Earth. 
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Figure  3 

Effect  of  differe nt  amounts  of  Fuller's  earth  on  the  removal 
3 

of  H-F  from  water  and  5%  plasma 
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Figure  4 

Effect  of  Various  Amounts  of  Fuller’s  Earth  on  Standard  Curves.  The 


effect  of  different  amounts  of  Fuller’s  Earth,  5,  10  and  15  mg,  on 

the  competitive  protein-binding  of  cortisol  was  determined.  A  CBG- 

3 

solution,  containing  4  yCi  %  H-F  in  5%  plasma,  and  unlabelled  cortisol 
in  concentrations  of  10,  20,  30  and  40  myg  were  used  for  the  assay. 
Three  standard  curves  were  established  by  plotting  the  concentration  of 
unlabelled  cortisol  against  the  protein-bound  cortisol  expressed  as  a 
percentage  of  the  total. 
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Effect  of  various  amounts  of  Fuller's  earth  on  standard  curves 
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Table  1 


Estimates  of  Precision  of  the  Method  Employed  for  the  Determination 


of  Urinary  and  Plasma  Cortisol.  Twenty  duplicate  determinations  of 


urinary  and  plasma  cortisol  were  performed  at  several  different  ranges 


of  concentration.  The  standard  deviation  for  each  group  of  20  was 

f  2 

calculated  from  the  formula  S.D.  =  /£( d  ),  where  d  is  the  difference 

J  2n 

between  duplicate  values  and  n  is  the  number  of  duplicate  analyses. 
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TABLE  1 

ESTIMATES  OF  PRECISION  OF  THE  METHOD  EMPLOYED 
FOR  THE  DETERMINATION  OF  URINARY  AND  PLASMA  CORTISOL 


Range 

Urinary  Cortisol 

yg/24  hr 

No .  of 
duplicate 
determinations 

S.D. 

0-90 

20 

5.49 

90-180 

20 

9.36 

180-270 

20 

12.96 

Range 

Plasma  Cortisol 

yg?° 

No .  of 
duplicate 
determinations 

S.D. 

0-10 

20 

1.06 

10-20 

20 

1.22 

20-30 

20 

1.16 

30-40 

20 

2.60 

Table  2 


Recovery  of  30  myg  Cortisol  Added  to  Urine.  Urinary  cortisol  values 
were  determined  in  14  urine  specimens  before  and  after  the  addition 
of  30  myg  cortisol.  The  differences  between  initial  and  final  values 
were  used  to  calculate  the  %  recovery  of  the  added  cortisol. 


TABLE  2 

RECOVERY  OF  30  myg  CORTISOL  ADDED  TO  URINE 


Sample  Initial  Final 

No.  mug  mpg 


1  6.0  38.1 

2  15.0  39.0 

3  15.0  39.6 

4  15.6  42.0 

5  15.6  48.0 

6  18.3  45.9 

7  19.5  45.0 

8  24.0  57.0 

9  24.0  51.0 

10  24.0  48.0 

11  24.6  48.9 

12  27.0  57.0 

13  27.6  48.6 

14  39.0  61.5 


Difference  Recovery 


mug  A 

32.1 

107 

24.0 

80 

24.6 

82 

26.4 

88 

32.4 

108 

27.6 

92 

25.5 

85 

33.0 

110 

27.0 

90 

24.0 

80 

24.3 

81 

30.0 

100 

21.0 

70 

22.5 

75 

Table  3 


Recovery  of  10  myg  Cortisol  Added  to  Plasma.  Plasma  cortisol  values 
were  determined  in  14  plasma  specimens  before  and  after  the  addition 
of  10  myg  cortisol.  The  differences  between  initial  and  final  values 
were  used  to  calculate  the  %  recovery  of  the  added  cortisol. 


TABLE  3 


RECOVERY  OF 

10  myg 

CORTISOL  ADDED  TO 

PLASMA 

imp  le 

Initial 

Final 

Difference 

Recovery 

No. 

.  mug 

mug 

mu  g  . 

% 

1 

2.8 

12.0 

9.2 

92 

2 

4.0 

12.0 

8.0 

80 

3 

6.0 

14.0 

8.0 

80 

4 

6.4 

16 . 6 

10.2 

102 

5 

8.0 

16.4 

8.4 

84 

6 

8.6 

18.6 

10.0 

100 

7 

9.6 

20.2 

10.6 

106 

8 

10.0 

19.0 

9.0 

90 

9 

12.0 

20.0 

8.0 

80 

10 

15.0 

24.0 

9.0 

90 

11 

15.6 

24.4 

8.8 

88 

12 

15.6 

24.0 

8.4 

84 

13 

18.2 

27.0 

8.8 

88 

14 

21.2 

29.8 

8.6 

86 

12 

The  mean  recovery  of  cortisol  from  urine  was  89.14  ±  12.73%  (S.D.) 
with  a  range  of  70  to  110%,  and  from  plasma  was  89.28  ±  8.29%  (S.D.) 

with  a  range  of  80  to  106%. 

B .  Stability  of  Urinary  and  Plasma  Cortisol  During  Storage 

A  prerequisite  for  carrying  out  the  test  on  specimens  from 
hospitals  not  equipped  with  facilities  for  hormone  assays  is  that  no 
major  changes  take  place  in  the  quantity  and  nature  of  urinary  and 
plasma  cortisol  during  transportation.  Therefore,  aliquots  of  20 
urine  samples  were  stored  without  preservative  at  room  temperature,  at 
5°  C  and  -13°  C,  and  10  different  plasmas  were  left  standing  at  5°  C 
and  -13°  C.  Specimens  were  taken  for  cortisol  assay  on  the  first,  second, 
third,  fourth  and  fifth  days  of  storage.  The  results  of  these  assays 
are  shown  in  Tables  4  and  5.  The  differences  between  the  values 
obtained  for  fresh  and  stored  specimens  were  not  significant  (p  >  0.05) 

(35)  for  either  urinary  or  plasma  cortisol. 

C.  Effect  of  Preservative  on  Values  of  Urinary  Cortisol 

The  values  of  urinary  cortisol  were  determined  in  10  urine  specimens 
before  and  after  8  g  Boric  acid  or  10  ml  6  N  HC1  was  added  as  a 
preservative.  The  specimens  were  stored  at  5°  C  for  24  hr  after  the 
addition  of  preservative.  Results  are  shown  in  Table  6.  From 
statistical  analysis  the  difference  of  results  was  not  significant 
(p  >  0.05). 

D.  Normal  Values  of  Urinary  and  Plasma  Cortisol 

1.  Urinary  Cortisol.  The  range  of  urinary  cortisol  excretion  in  25 
adult  subjects  was  9.0-117.0  pg/24  hr  (mean  48.85  ±  24.47  (S.D.)  yg/24  hr) 
(Tables  7,  8).  The  mean  for  healthy  females,  49.26  ±  18.81  (S.D.)  yg/24  hr, 
did  not  differ  significantly  from  that  for  normal  males,  48.45  ±  29.95 


Table  4 


Alteration  of  Urinary  Cortisol  Values  on  Standing.  Twenty  urine 
specimens  were  stored  at  room  temperature,  at  5°  C  and  at  -13°  C. 
Selected  specimens  were  assayed  for  cortisol  on  the  first,  second, 
fourth  and  fifth  days  of  storage.  The  results  are  expressed  as 
yg/24  hr. 
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TABLE  4 

ALTERATION  OF  URINARY  CORTISOL  VALUES  ON  STANDING 


Room  Temperature  Refrigerated  Frozen 


Day 

1 

2 

5 

2 

4 

Sample  No. 

1 

72.0 

78.4 

81.0 

72.0 

72.0 

2 

51.3 

46.8 

54.0 

48.6 

49.5 

3 

61.2 

67.5 

68.4 

60.3 

58.5 

4 

33.3 

63.0 

53.1 

37.8 

43.2 

5 

62.1 

46.8 

- 

- 

22.9 

6 

50.4 

51.3 

- 

36.0 

41.4 

7 

63.0 

85.5 

114.3 

63.0 

72.0 

8 

76.5 

78.3 

- 

117.0 

108.0 

9 

36.0 

32.4 

- 

58.5 

41.4 

10 

49.5 

49.5 

- 

72.0 

68.4 

11 

30.6 

- 

- 

54.0 

54.9 

12 

9.0 

16.2 

11.7 

22.5 

18.9 

13 

45.0 

38.7 

54.0 

46.8 

54.0 

14 

27.0 

28.8 

43.2 

- 

- 

15 

27.9 

33.3 

46.8 

27.9 

- 

16 

22.5 

36.0 

27.9 

27.9 

81.0 

17 

27.9 

- 

42.3 

17.1 

12.6 

18 

54.9 

- 

42.3 

- 

- 

19 

72.0 

- 

63.0 

- 

- 

20 

31.5 

- 

36.0 

- 

- 

Table  5 

Alteration  of  Plasma  Cortisol  Values  on  Standing.  Ten  plasma  specimens 
were  stored  at  5°  C  and  at  -13°  C.  Each  specimen  was  assayed  for 

cortisol  on  the  first,  second  and  third  days  of  storage.  The  results 
are  expressed  as  yg  %. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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TABLE  5 

ALTERATION  OF  PLASMA  CORTISOL  VALUES  ON  STANDING 


Refrigerated 


1 

2 

3 

4.0 

4.0 

6 . 0 

7.4 

8.0 

8.0 

9.0 

5.6 

4.0 

13.4 

14.0 

8.4 

16.0 

18.0 

16.4 

18.4 

21.6 

14.8 

34.4 

39.0 

33.4 

36.0 

40.0 

35.0 

41.0 

41.2 

40.4 

50.0 

48.0 

51.2 

Frozen 


1 

2 

3 

4.6 

5.0 

3.2 

9.8 

8.0 

8.2 

10.4 

7.0 

6.0 

13.0 

9.6 

10.8 

18.0 

20.0 

22.4 

20.0 

16.0 

24.6 

38.4 

38.6 

44.0 

42.4 

41.0 

41.2 

41.6 

50.8 

44.6 

55.6 

68.0 

66 . 0 

Table  6 


Effect  of  Preservative  on  Urinary  Cortisol.  The  concentration  of 
urinary  cortisol  was  determined  in  20  specimens  of  urine  before  and 
after  10  ml  of  6  N  HC1  or  8  g  of  Boric  acid  was  added  as  preservative. 
Each  specimen  was  stored  at  5°  C  for  24  hr  following  the  addition  of 
preservative.  The  results  are  expressed  as  yg/24  hr. 
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TABLE  6 

EFFECT  OF  PRESERVATIVE  ON  URINARY  CORTISOL 


No.  of  Samples  Before  Acid  Added  After  Acid  Added 


A.  HC1 

(pH  5. 5-7. 5) 

(pH  4. 5-6. 5) 

1 

4.5 

2.7 

2 

23.4 

23.4 

3 

38.7 

54.0 

4 

63.0 

64.8 

5 

27.0 

36.0 

6 

18.9 

28.8 

7 

39.6 

54.0 

8 

64.8 

64.8 

9 

50.4 

53.1 

10 

112.5 

127.8 

B.  Boric  acid 
(pH  5. 5-7. 5) 

(pH  5. 5-7. 5) 

1 

63.0 

61.2 

2 

27.0 

45.0 

3 

16.2 

18.0 

4 

85.5 

123.3 

5 

63.0 

43.2 

6 

36.0 

33.3 

7 

23.4 

16.2 

8 

13.5 

18.0 

9 

11.7 

16.2 

10 

117.0 

103.5 

Table  7 


Urinary  and  Plasma  Cortisol  in  Normal  Subjects.  Urinary  and  plasma 
cortisol  in  98  normal  subjects,  aged  5-80  years,  was  determined.  The 
means  and  standard  deviations  of  the  values  for  each  group  were 
calculated  and  analyzed  statistically. 


TABLE  7 


URINARY  AND  PLASMA  CORTISOL 
IN  "NORMAL"  SUBJECTS 


Subjects 

(No.  of  Subjects) 

Range 

Mean  ± 

(1)  Urinary  Cortisol  yg/ 24 

hr 

Adult 

(25) 

9.0  - 

117.0 

48.84 

male 

(12) 

48.45 

female 

(13) 

49.26 

Children 

(12) 

8.0  - 

85.0 

37.08 

(2)  Plasma  Cortisol  y g/ 100  ml 
(8-9  a.m.) 


Adult 

(35) 

4.0  -  25.0 

11.73 

male 

(20) 

12.43 

female 

05) 

11.04 

(3)  Plasma  Cortisol  yg/100  ml 
(3-4  p.m.) 


1.0  -  13.0 


4.80  ± 


S.D. 


24.25 

29.95 

18.81 

22.04 

5.12 
5.77 
4 . 48 

3.32 


Adult 


(26) 


Table  8 


Normal  Values  of  Urinary  Cortisol  in  Adults.  The  concentration  of 
cortisol  in  24-hr  urine  specimens  was  measured  in  25  normal  adults 
(12  males  and  13  females).  The  results  are  expressed  as  yg/24  hr. 
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TABLE  8 

NORMAL  VALUES  OF  URINARY  CORTISOL  IN  ADULTS 


Sex 

Urinary 

& 

Weight 

Height 

Cortisol 

jec  ts 

Age 

kg 

cm 

ug/24  hr 

1 

M  28 

62.0 

17  2.5 

81.9 

2 

29 

58.0 

160.0 

69.3 

3 

30 

57.0 

162.5 

54.9 

4 

30 

46 . 0 

145.0 

27.0 

5 

31 

62.7 

170.0 

45.0 

6 

31 

63.6 

165.0 

22.5 

7 

31 

62.7 

162.7 

27.9 

8 

34 

52.4 

172.5 

27.9 

9 

35 

58.6 

162.5 

45.9 

10 

36 

68.0 

170.0 

117.0 

11 

38 

52.4 

155.0 

9.0 

12 

42 

70.0 

160.0 

53.1 

13 

F  28 

47.7 

152.5 

59.4 

14 

29 

54.5 

157.5 

33.3 

15 

30 

47.7 

160.0 

76.5 

16 

31 

43.6 

152.5 

49.5 

17 

32 

60.0 

157.5 

30.6 

18 

34 

50.9 

150.0 

13.5 

19 

35 

53.6 

160.0 

31.5 

20 

36 

54.5 

160.0 

72.0 

21 

38 

44.5 

150.0 

36.0 

22 

40 

47.7 

157.5 

63.0 

23 

46 

62.7 

165.0 

62.1 

24 

47 

45.5 

150.0 

61.7 

25 

56 

74.5 

162.5 

51.3 

13 


(S.D.)  yg/24  hr.  In  children,  aged  5-12  years,  the  urinary  cortisol 
ranged  from  8.0  to  85.0  yg/24  hr  with  a  mean  of  37.08  ±  22.04  (S.D.) 
yg/24  hr  (Tables  7-10  and  Fig.  5).  The  difference  of  values  compared 
with  those  in  adults  is  discussed  in  a  later  section. 

The  mean  excretion  during  the  day  was  35.41  ±  15.10  (S.D.)  yg/24  hr 
and  28.41  ±  11.66  (S.D.)  yg/12  hr  at  night.  The  difference  was  not 
significant  (p  >  0.05).  The  mean  value  of  the  dayrnight  ratio  of 
cortisol  excretion  was  1:0.8  (Table  11).  The  urinary  cortisol 
values  determined  for  12  consecutive  2-hr  specimens  from  three 
subjects  are  shown  in  Table  12  and  Fig.  6.  The  values  reached  a  peak 
at  6  to  8  a.m.  and  gradually  decreased  to  a  minimum  at  1  to  3  a.m. 

2.  Plasma  Cortisol.  Plasma  cortisol  in  adults  ranged  from  4.0 
to  25.0  yg/100  ml  when  determined  at  8  to  9  a.m.,  with  a  mean  of  12.43  ± 
5.77  (S.D.)  yg/100  ml  in  20  men  and  11.04  ±  4.48  (S.D.)  yg/100  ml  in 
15  women,  a  difference  which  was  not  significant  (p  >  0.05).  The  mean 
value  for  the  total  group  was  11.73  ±  5.12  (S.D.)  yg/100  ml.  The 
range  of  plasma  cortisol  at  3  to  4  p.m.  was  1.0  to  13.0  yg/100  ml,  with 
a  mean  of  4.80  ±  3.32  (S.D.)  yg/100  ml  in  26  subjects  (Tables  7,  13). 

The  afternoon  values  were  lower  than  the  morning  values;  the  decrease 
was  considered  highly  significant  by  the  Student  Mt-test"  (p  <  0.001). 

Cortisol  determinations  were  performed  on  a  group  of  plasma  samples 
using  the  method  of  gel  filtration  on  Sephadex  (21)  and  the  results 
compared  to  those  obtained  on  the  same  samples  assayed  by  the  present 
method.  The  results  are  shown  in  Table  14.  The  values  obtained  by 
the  method  of  gel  filtration  tended  to  exceed  those  of  the  adsorbent 
technique.  However,  the  difference  wa s  not  significant  (p  >  0.05). 


Table  9 


Urinary  Cortisol  in  Normal  Infants,  Children  and  Young  Adults.  The 
concentration  of  cortisol  in  24-hr  urine  specimens  was  determined  in 
infants  (newborn  to  2  years),  children  (2-12  years)  and  young  adults 
(13-20  years).  The  results  are  expressed  as  pg/24  hr. 
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TABLE  9 

URINARY  CORTISOL  IN  NORMAL  INFANTS, 
CHILDREN  AND  YOUNG  ADULTS 


Age  Weight  Height  Urinary  Cortisol 


Subjects 

Sex 

Yr. 

Month 

kg 

cm 

yg/24  hr 

(a)  Infants 

1 

M 

3 

5.5 

46 . 2 

9.0 

2 

F 

1 

6 

10.6 

47.5 

32.4 

(b)  Children 

3 

F 

5 

20.4 

112.5 

8.1 

4 

F 

5 

19.1 

102.5 

46.8 

3 

F 

6 

19.1 

117.5 

8.1 

6 

M 

6 

50.4 

129.4 

26.1,64.8 

7 

F 

8 

42.7 

127.5 

84.6 

8 

M 

8 

23.0 

125.1 

23.4 

9 

M 

9 

36.5 

125.5 

30.6 

10 

M 

9 

30.6 

138.7 

38.7 

11 

F 

10 

57.3 

157.0 

37.8 

12 

F 

11 

32.4 

140.0 

63.0 

13 

F 

11 

41.3 

147.5 

11.7,67.5 

14 

F 

12 

30.0 

- 

18.9 

(c)  Young  Adults 
13  F 

13 

38.3 

127.5 

62.1 

16 

M 

13 

75.9 

- 

84.6 

17 

F 

14 

68.1 

166.2 

63.0 

Table  10 


Urinary  Cortisol  Values  Expressed  in  yg/kg  of  Body  Weight/24  hr. 

A  comparison  of  urinary  cortisol  excretion  in  adults  with  that  in 
infants,  children  and  young  adults,  expressed  as  yg/kg  of  body 
weight/24  hr,  is  shown.  The  means  and  standard  deviations  for  the 
groups  corresponding  to  children  and  adults  were  calculated. 


13b 


TABLE  10 

URINARY  CORTISOL  VALUES  EXPRESSED  IN  yg/Kg  OF  BODY  WEIGHT/24  HR 


Sex 


Sub iects 

& 

Age  (yr) 

Urinary  Cortisol 
yg/kg/24  hr 

(1)  Infants 

1 

M  (3m) 

1.64 

2 

M  (1.5) 

3.03 

(2)  Children 

3 

F  (5) 

0.40 

4 

F  (5) 

2.45 

5 

F  (6) 

0.42 

6 

M  (6) 

0.90 

7 

F  (8) 

1.98 

8 

M  (8) 

1.01 

9 

M  (9) 

0.84 

10 

M  (9) 

1.26 

11 

F(  10) 

0 . 66 

12 

F(ll) 

1.95 

13 

F(U) 

0.96 

14 

F(12) 

0.63 

mean  1.12 

S.D.  ±  0.67 

(3)  Young  Adults 

15 

F(13) 

1.60 

16 

F(13) 

1.11 

17 

F(14) 

0.92 

Subjects 

Sex 

& 

Age  (yr) 

Urinary  Cortisol 
yg/kg/24  hr 

(4)  Adults 

1 

M  28 

1.32 

2 

29 

1.19 

3 

30 

0.96 

4 

30 

0.59 

5 

31 

0.71 

6 

31 

0.35 

7 

31 

0.44 

8 

34 

0.53 

9 

35 

0.78 

10 

36 

1.72 

11 

38 

0.17 

12 

42 

0.76 

13 

F  28 

1.25 

14 

29 

0.61 

15 

30 

1.60 

16 

31 

1.13 

17 

32 

0.51 

18 

34 

0.27 

19 

35 

0.59 

20 

36 

1.32 

21 

38 

0.80 

22 

40 

1.32 

23 

46 

0.99 

24 

47 

1.36 

25 

56 

0.69 
mean  0.88 

S.D.  ±  0.43 

Figure  5 


Urinary  Cortisol  Values  at  Different  Ages.  Urinary  cortisol  values  in 
infants,  children,  young  adults  and  adults  were  determined  and  the 
results  are  expressed  as  yg/kg  body  weight/24  hr. 


URINARY  CORTISOL  ug/Kg  body  weight/24hr 
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Figure  5 

Urinary  cortisol  values  at  different  ages 
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Table  11 


Urinary  Cortisol  Values  in  12-Hr  Urine  Collections.  The  concentration 
of  cortisol  was  determined  in  12-hr  specimens  of  urine  from  14  normal 
subjects.  Consecutive  specimens  were  collected  from  7  a.m.  to  7  p.m. 
and  from  7  p.m.  to  7  a.m.  The  means  and  standard  deviations  of  the  two 
groups,  as  well  as  the  ratio  of  the  means  (day/night) ,  were  calculated. 


TABLE  11 


URINARY  CORTISOL  VALUES 
IN  12 "HR  URINE  COLLECTIONS 


jec  ts 

Sex 

& 

Age 

Urinary  Cortisol  ug/24  hr 

Day 

7  a.m.  -  7  p.m. 

Night 
7  p.m.  -  7 

1 

M  30 

22.5 

19.8 

2 

31 

28.8 

37.8 

3 

34 

19.7 

9.0 

4 

34 

63.0 

32.4 

5 

38 

36.0 

31.5 

6 

47 

9.0 

27.0 

7 

F  24 

25.2 

18.0 

8 

26 

54.0 

10.8 

9 

30 

49.5 

45.0 

10 

31 

27.9 

22.5 

11 

32 

30.6 

31.5 

12 

35 

41.4 

31.5 

13 

38 

36.0 

31.5 

14 

50 

52.5 

49.5 

Mean  ±  S.D.  35.41  ±  15.10 


28.41  ±  11.66 


ratio 


1 


0.8 


TABLE  12 
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Figure  6 

Diurnal  Variation  of  Urinary  Cortisol  Excretion.  Urinary  cortisol  was 


determined  in  12  consecutive  2-hr  urine  specimens  from  3  normal 
subjects.  The  diurnal  variation  in  excretion  of  urinary  cortisol  is 


illustrated . 


URINARY  CORTISOL  (ug) 
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Figure  6 


Diurnal  variation  of  urinary  cortisol  excretion 


Table  13 


Normal  Values  of  Plasma  Cortisol  in  Adults .  The  concentration  of 
plasma  cortisol  was  determined  in  60  normal  adults.  Thirty-five 
specimens  of  plasma  were  obtained  at  8-9  a.m.  and  25  at  3-4  p.m. 
The  results  are  expressed  as  yg  %. 
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TABLE  13 

NORMAL  VALUES  OF  PLASMA  CORTISOL  IN  ADULTS 


Sub  -jects 

Sex 

& 

Age 

Plasma 

8- 

Cortisol 

■9  a.m. 

1 

M  20 

14.0 

2 

22 

19.6 

3 

29 

18.0 

4 

36 

14.0 

5 

40 

24.8 

6 

40 

10.0 

7 

41 

7.6 

8 

44 

16 . 6 

9 

50 

10.6 

10 

50 

6 . 0 

11 

52 

4.6 

12 

54 

14.0 

13 

58 

18.0 

14 

58 

4.0 

15 

61 

18.0 

16 

63 

7.6 

17 

63 

6.0 

18 

64 

15.8 

19 

70 

11.6 

20 

80 

7.6 

21 

F  20 

8.4 

22 

20 

14.0 

23 

21 

6.0 

24 

21 

14.0 

25 

21 

10.0 

26 

24 

7.6 

27 

30 

14.2 

28 

35 

16.4 

29 

35 

15.8 

30 

43 

2.0 

31 

49 

17.6 

32 

49 

11.6 

33 

50 

13.8 

34 

51 

4.2 

35 

55 

8.0 

Sex 

&  Plasma  Cortisol  yg% 
Sub jects  Age  _ 3-4  p.m. _ 


1 

F  20 

8.4 

2 

20 

2.2 

3 

21 

1.6 

4 

21 

3.6 

5 

22 

6.0 

6 

22 

11.0 

7 

22 

2.0 

8 

22 

2.4 

9 

23 

6.0 

10 

24 

2.8 

11 

24 

1.6 

12 

28 

0.6 

13 

36 

9.0 

14 

36 

1.4 

15 

38 

8.0 

16 

44 

4.0 

17 

45 

4.2 

18 

49 

2.6 

19 

53 

4.0 

20 

54 

3.4 

21 

80 

4.0 

22 

M  43 

2.0 

23 

44 

9.6 

24 

53 

13.2 

25 

76 

6.4 

Table  14 


Comparison  of  Plasma  Cortisol  Values  Obtained  by  the  Method  Using 

Gel  Filtration  on  Sephadex  with  Those  from  the  Use  of  Solid  Adsorbent 

(Fuller’s  Earth)  in  Competitive  Protein-Binding  Analysis .  Th e 
concentration  of  plasma  cortisol  was  determined  in  24  specimens  of 
plasma  by  competitive  protein-binding  analysis  using  two  different 
methods  for  separation  of  protein-bound  and  nonprotein-bound  cortisol 
gel  filtration  on  Sephadex,  and  adsorption  to  Fuller’s  Earth. 
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TABLE  14 

COMPARISON  OF  PLASMA  CORTISOL  VALUES  OBTAINED 
BY  THE  METHOD  USING  GEL  FILTRATION  ON  SEPHADEX  WITH  THOSE 
FROM  THE  USE  OF  SOLID  ADSORBENT  (FULLER'S  EARTH)  IN 
COMPETITIVE  PROTEIN- BINDING  ANALYSIS 


Subjects 


Plasma  Cortisol  pg% 

Diagnosis 

or  Solid.  Adsorbent 

Medication  Fuller's  Earth  Gel  Filtration 


1 

Normal 

23.2 

26.4 

2 

20.2 

20.0 

3 

18.0 

18.4 

4 

17.0 

23.0 

5 

14.0 

17.4 

6 

9.6 

13.2 

7 

9.0 

10.6 

8 

8.8 

5.1 

9 

6.0 

5.9 

10 

4.6 

4.8 

Mean 

13.04 

14.48 

11 

Cushing's  Syndrome 

14.0,  12.0 

13.8,  9 

12 

Oat  Cell  Carcinoma 
of  Lung 

63.6 

71.0 

13 

Contraceptive  Pill 
(Estrogen) 

49.0 

48.8 

14 

Solucortef* 

107.0 

78.3 

15 

ACTH 

40.0 

44.8 

16 

II 

36.0 

46.5 

17 

11 

44.2 

43.2 

18 

Adrenal  Insufficiency 

2.0,  2.0 

3.9,  <1 

19 

Adrenogenital  Syndrome 

9.0 

5.9 

20 

Dexame thasone 

3.2 

6.4 

21 

11 

3.6 

4.8 

22 

If 

0.4 

5.3 

23 

11 

0.8 

<1 

24 

11 

non  detectable 

<1 

*  Solucortef,  Hydrocortisone  Sodium  Succinate 
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E.  Urinary  and  Plasma  Cortisol  Values  in  Normal  Pregnancy  and  Toxemia 

of  Pregnancy 

The  mean  value  of  urinary  cortisol  excretion  was  56.82  ±  18.58 
(S.D.)  yg/24  hr  (range  36.0  to  95.4  yg/24  hr)  in  the  first  trimester  of 
pregnancy,  73.20  ±  44.12  (S.D.)  yg/24  hr  (range  35.1  to  159.3  yg/24  hr) 
in  the  second  trimester  and  104.64  ±  33.48  (S.D.)  yg/24  hr  (range  54.0 
to  180.0  yg/24  hr)  in  the  third  trimester  (Tables  15,  16  and  Figs.  7,  8). 

The  mean  value  for  pregnant  women  in  the  first  trimester  was  not 
significantly  different  from  that  for  normal  non-pregnant  females 
(p  >  0.05),  but  the  differences  between  those  for  pregnant  women  in  the 
first  and  third  trimesters  of  pregnancy  were  significant  (p  <  0.001). 

In  the  first,  second  and  third  trimesters  of  pregnancy,  the  mean 
plasma  cortisol  levels  at  8  to  9  a.m.  were  15.65  ±  2.35  (S.D.),  20.37  ± 

8.58  (S.D.)  and  32.98  ±  9.01  (S.D.)  yg/100  ml  respectively.  The 
corresponding  values  at  3  to  4  p.m.  were  4.50  ±  1.84  (S.D.),  9.17  ± 

5.33  (S.D.)  and  19.48  ±  8.18  (S.D.)  yg/100  ml  respectively  (Tables  15, 

16  and  Figs.  7,  8).  The  mean  for  pregnant  women  in  the  third  trimester 
differed  signif igantly  from  that  in  the  first  trimester  (p  <  0.001),  and 
from  that  in  the  second  trimester  (p  <  0.01). 

Plasma  cortisol  concentrations  were  found  to  be  increased  from  the 
twenty-fourth  week  of  pregnancy  until  full- term.  The  urinary  cortisol 
excretion  and  plasma  cortisol  values  appeared  to  be  related  since  the 
rates  of  cortisol  excretion  were  relatively  high  during  this  same 
period  of  time.  The  concentrations  of  urinary  cortisol  in  6  of  25  cases 
(twenty-fourth  through  the  thirty-eighth  weeks  of  pregnancy)  were  over 
the  normal  range  for  non-pregnant  individuals.  Four  of  these  patients  were 
nearly  full— term,  and  2  of  them  were  in  the  twenty— fourth  week  of  pregnancy. 


Table  15 


Urinary  and  Plasma  Cortisol  During  Normal  Pregnancy.  Urinary  and  plasma 
cortisol  were  determined  in  specimens  from  32  normal  pregnant  women  in 
the  first,  second  and  third  trimester  of  pregnancy. 
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TABLE  15 

URINARY  AND  PLASMA  CORTISOL  DURING  NORMAL  PREGNANCY 


Subjects 

Week 

of 

Pregnancy 

Urinary  Cortisol 
ug/24  hr 

Plasma 

8-9  a.m. 

Cortisol  y  g% 

3  -  4  p 

A.  First 

Trimes  ter 

1 

4 

47.7 

12.4 

2 

6 

36.0 

16.2 

4.0 

3 

8 

52.2 

2.6 

4 

8 

50.4 

16.0 

7.0 

5 

8 

57.6 

6 

10 

95.4 

7 

12 

58.5 

18.0 

4.4 

B.  Second 

.  Trimester 

8 

14 

59.4 

9 

14 

35.1 

11.8 

4.4 

10 

16 

54.0 

12.0 

3.4 

11 

16 

72.0 

21.4 

10.0 

12 

18 

81.0 

15.8 

10.6 

13 

18 

45.0 

19.6 

3.0 

14 

20 

25.2 

12.4 

15 

24 

127.8 

26.0 

20.4 

16 

24 

159.3 

36.0 

18.4 

C.  Third 

Trimester 

17 

25 

107.1 

34.4 

16.0 

18 

26 

81.0 

16.0 

6.8 

19 

26 

54.0 

12.0 

20 

27 

112.5 

33.4 

24.8 

21 

27 

90.0 

37.0 

26.2 

22 

28 

72.2 

21.6 

12.4 

23 

28 

90.9 

28.2 

15.4 

24 

30 

105.3 

32.2 

25 

30 

81.0 

16.8 

26 

32 

79.2 

40.4 

28.4 

27 

32 

92.7 

35.0 

18.0 

28 

34 

180.0 

21.6 

29 

34 

172.8 

50.0 

41.0 

30 

34 

115.2 

34.6 

18.2 

31 

37 

121.5 

17.6 

32 

38 

118.8 

17.0 

m. 


Table  16 


Urinary  and  Plasma  Cortisol  During  Normal  Pregnancy  and  Toxemia  of 

Pregnancy .  Urinary  and  plasma  cortisol  were  determined  in  specimens 
from  women  in  the  first,  second  and  third  trimester  of  pregnancy 
and  from  patients  with  preeclampsia.  The  means  and  standard  deviations 
of  each  group  are  shown.  In  each  case  the  first  value  for  plasma 


cortisol  represent  the  8  to  9  a.m.  plasma  sample  and  the  second  value 
the  3  to  4  p.m.  plasma  sample. 
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TABLE  16 

URINARY  AND  PLASMA  CORTISOL  DURING  "NORMAL"  PREGNANCY 
AND  "TOXEMIA"  OF  PREGNANCY 


Trimester 

of 

Pregnancy 

No. 

of 

Subjects 

Urinary  Cortisol  yg/24  hr 

No. 

of 

Sub jec ts 

Plasma 

Cortisol  ug7o 

Range 

Mean  ± 

S.D. 

Range 

Mean  i 

:  S.D. 

1 

7 

36.0-  95.4 

56.82  ± 

18.58 

4 

12.4-18.0 

15.65 

±  2.35 

4 

2.6-  7.0 

4.50 

±  1.84 

2 

9 

35.1-159.3 

73.20  ± 

44.12 

7 

11.8-36.0 

20.37 

±  8.58 

8 

3.0-20.4 

9.17 

±  5.33 

3 

16 

54.0-180.0 

104.64  ± 

33.48 

11 

16.0-50.0 

32.98 

±  9.01 

15 

6.8-41.0 

19.48 

±  8.18 

Toxemia 

11 

35.1-152.1 

96.21  ± 

34.77 

11 

20.4-48.0 

34.67 

±  6.98 

of 

Pregnancy 

6 

10.0-27.6 

19.86 

±  6.60 

Figure  7 


Urinary  Cortisol  Excretion  in  Pregnancy.  Urinary  cortisol  values  in 
normal  non-pregnant  women,  in  pregnant  women  in  the  first,  second  and 
third  trimester  of  normal  pregnancy,  and  in  patients  with  preeclampsia 
are  compared.  The  mean  and  standard  deviation  of  each  group  is  shown. 
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Figure  7 

Urinary  cortisol  excretion  in  pregnancy 
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Figure  8 


Urinary  and  Plasma  Cortisol  During  Normal  Pregnancy.  Plasma  and 
urinary  cortisol  were  determined  in  specimens  from  normal  pregnant 
women  in  the  fourth  to  the  thirty-eighth  week  of  gestation.  In 
the  upper  illustration,  the  total  height  of  each  bar  represents  the 
concentration  of  plasma  at  8-9  a.m.;  while  the  lower  portion  cor¬ 
responds  to  the  concentration  of  cortisol  at  3-4  p.m. 
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Figure  8 

Urinary  and  plasma  cortisol  during  normal  pregnancy 
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In  11  patients  with  toxemia  of  pregnancy,  the  mean  value  of 
urinary  cortisol  was  96.21  ±  34.77  (S.D.)  yg/24  hr  (range  35.1  to  152.1 
yg/24  hr).  The  plasma  cortisol  at  8  to  9  a.m.  ranged  from  20.4  to 
48.0  yg/100  ml  with  a  mean  of  34.67  ±  6.98  (S.D.)  yg/100  ml  and  from 
10.0  to  27.6  yg/100  ml  with  a  mean  of  19.86  ±  6.60  (S.D.)  yg/100  ml 
at  3  to  4  p.m.  (Table  17).  The  mean  values  of  urinary  and  plasma 
cortisol  in  toxemia  of  pregnancy  were  not  significantly  different  from 
those  in  normal  pregnancy  (p  >  0.05). 

Following  delivery,  a  fall  of  plasma  cortisol  to  the  normal  range 
was  observed  by  the  fifth  day  of  the  puerperium.  The  urinary  cortisol 
excretion  was  above  non-pregnant  levels  in  the  first  and  second  day 
after  delivery  but  it  returned  to  the  normal  range  in  the  following 
few  days  (Table  18) . 

F.  Urinary  and  Plasma  Cortisol  Values  in  Various  Conditions 

Estimation  of  cortisol  in  urine  was  performed  in  a  variety  of 
clinical  states  (Fig.  9  and  Tables  19,  20).  The  mean  for  obese  subjects 
was  62.47  ±  23.37  (S.D.)  yg/24  hr.  Hypertensive  individuals  had  a  mean 
excretion  of  58.63  ±  21.41  (S.D.)  yg/24  hr.  In  a  diabetic  group, 
with  no  renal  complications,  the  mean  value  was  52.53  ±  23.78  (S.D.) 
yg/24  hr.  In  patients  with  chronic  renal  failure  (blood  urea  nitrogen 
levels  of  80  to  160  mg/100  ml)  the  mean  value  of  urinary  cortisol  was 
41.67  ±  33.27  (S.D.)  yg/24  hr.  Cases  of  thyroid  disorders  showed 
a  normal  excretion  of  urinary  cortisol  with  a  mean  of  53.82  ±  9.74  (S.D.) 
yg/24  hr  in  hypothyroidism  and  70.50  ±  45.90  (S.D.)  yg/24  hr  in 
hyperthyroidism.  In  a  group  of  patients  with  hepatic  disease,  the  mean 
value  was  64.51  ±  36.96  (S.D.)  yg/24  hr.  Values  in  subjects  with 
idiopathic  hirsutism  were  in  the  normal  range  with  a  mean  of  57.43  ± 


Table  17 


Clinical  Data,  Plasma  and  Urinary  Free  Cortisol  in  Toxemia  of  Pregnancy. 

Urinary  and  plasma  cortisol  were  measured  in  specimens  from  11  pregnant 
women  (third  trimester)  with  some  features  of  preeclampsia  (hypertension, 
albuminuria  and  edema) . 
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TABLE  17 

CLINICAL  DATA,  PL4SMA  AND  URINARY  FREE  CORTISOL 
IN  TOXEMIA  OF  PREGNANCY 


Patient 

No. 

Week 

of  Blood 

Pregnancy  Pressure 

Proteinuria 

Urinary 
Cortisol 
Edema  ]i  g/  24  hr 

Plasma 

Cortisol 

yg% 

8-9  a.m.  3-4  p.i 

1 

32 

140/100 

trace 

yes 

93.6 

20.4 

10.0 

2 

36 

150/100 

trace 

yes 

35.1 

28.6 

16.2 

3 

36 

140/90 

trace 

yes 

55.8 

40.0 

26.4 

4 

38 

180/130 

2+ 

yes 

101.7 

25.6 

- 

5 

38 

130/90 

trace 

yes 

72.0 

32.0 

- 

6 

39 

140/90 

trace 

yes 

108.0 

40.4 

- 

7 

39 

140/100 

trace 

yes 

94.5 

29.8 

18.0 

8 

39 

150/100 

trace 

yes 

131.4 

38.0 

21.0 

9 

39 

150/100 

trace 

yes 

133.2 

48.0 

- 

10 

39 

130/90 

trace 

yes 

152.1 

38.6 

27.6 

11 

39 

140/100 

trace 

yes 

81.0 

40.0 
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Figure  9 

Urinary  Cortisol  in  Cushing’s  Syndrome,  Obesity,  Hypertension, 

Hirsutism  and  ACTH-Producing  Tumor.  Urinary  cortisol  values  were 
determined  in  25  normal  subjects,  23  patients  with  obesity,  28  patients 
with  hypertension,  6  patients  with  idiopathic  hirsutism,  4  subjects 
with  Cushing’s  syndrome  (10  estimations)  and  2  patients  with  ACTH- 
producing  neoplasm.  The  results  are  plotted  on  a  semi-logarithmic 


scale . 
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Urinary  cortisol  in  Cushing's  syndrome, Obesity, Hypertension, 


Hirsutism  end  ACTU-prqducing  tumor 
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24.47  (S.D.)  yg/24  hr.  From  statistical  analysis  the  mean  values  of 
these  mentioned  groups  were  not  significantly  different  from  those  of 
the  normal  (p  >  0.05). 

Of  four  cases  of  Cushing's  syndrome,  one  had  adrenocortical  hyper¬ 
plasia  confirmed  at  surgery,  one  had  recurrence  of  Cushing's  syndrome 
after  adrenalectomy  and  in  two  +  the  diagnosis  was  based  on  the  clinical 
presentation  with  increased  plasma  cortisol,  urinary  17-ketogenic 
steroids,  urinary  17-ketosteroids  and  cortisol  secretion  rates. 

The  values  of  cortisol  excretion  in  Cushing's  syndrome  ranged 
from  162  to  468  yg  in  24  hr  (10  estimations)  which  were  well  above 
the  values  encountered  in  the  normal  subjects.  In  the  case  of 
adrenal  hyperplasia,  the  urinary  cortisol  excretion  was  increased  to  918 

t  Case  C.C.:  The  laboratory  investigation  revealed  consistently  elevated 
17-ketosteroids  and  17-ketogenic  steroids  which  were  only  partially 
suppressed  with  1  mg  dexamethasone  at  midnight  or  0.5  mg  dexamethasone 
every  6  hr.  The  concentrations  of  plasma  cortisol  were  within  the 
normal  range  but  showed  no  diurnal  variation.  Plasma  cortisol  was 
responsive  to  50  units  of  ACTH.  The  cortisol  secretion  rate  was  40  mg/d. 

She  was  considered  to  have  bilateral  adrenal  hyperplasia. 

Case  D. J. :  The  excretion  of  urinary  17-ketogenic  steroids  and  17-ketosteroids 
was  elevated  and  was  partially  suppressed  with  8  mg  dexamethasone;  there 
was  no  response  to  ACTH  stimulation.  Plasma  cortisols  were  within 
normal  limits  but  showed  absent  diurnal  variation.  The  cortisol 
secretion  rate  was  47.3  mg/d.  She  was  considered  to  have  an 


adrenocortical  adenoma. 
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yg/24  hr  after  receiving  ACTH  25  units  intramuscularly  every  8  hr  for 
one  day,  and  was  suppressed  to  43.2  and  41.4  yg/24  hr  by  2  mg  of 
dexamethasone  given  every  8  hr  or  every  6  hr  respectively. 

In  subjects  with  adrenocortical  insufficiency  due  to  Addison’s 
disease,  hypopituitarism  or  hypophysectomy ,  the  urinary  cortisol 
excretion  ranged  from  6.3  to  18.0  yg/24  hr. 

A  series  of  7  patients  with  non-adrenal  tumors  was  studied.  Of 
these,  2  cases  with  carcinoma  of  lung  (undifferentiated  cell  type) 
were  found  to  secrete  excessive  amounts  of  cortisol  and  have 
hypokalemic  alkalosis.  In  each  the  plasma  cortisol,  urinary  17- 
ketogenic  steroids  and  urinary  free  cortisol  were  elevated  but  no 
clinical  features  of  Cushing’s  syndrome  were  present.  A  diagnosis 
of  ACTH-secreting  tumor  was  made.  Subjects  with  carcinoma  of  pancreas 
and  with  carcinoma  of  the  prostate  also  had  increased  urinary  cortisol, 
but  to  a  much  lesser  degree. 

In  subjects  with  non-adrenal  diseases  receiving  ACTH  (25  units 
intravenously  over  a  period  of  6  hr  or  40  units  intramuscularly) , 
the  urinary  cortisol  excretion  was  increased,  in  the  range  of  225  to 
745  yg  in  24  hr.  With  prolonged  administration  of  40  units  ACTH 
intramuscularly  once  daily  for  eight  days  urinary  cortisol  was  greatly 
elevated  to  3420  yg/24  hr.  The  urinary  cortisol  excretion  normally  was 
suppressed  by  1  mg  dexamethasone  given  orally  at  midnight,  or  by  0.5  mg 
every  6  hr  for  1  to  3  days;  the  values  ranged  from  9.9  to  25.2  yg/24  hr 
and  non-de tec table  to  9.0  yg/24  hr,  respectively  (Tables  21,  22). 

Increase  in  urinary  cortisol  excretion  was  found  in  patients 
receiving  prednisone  treatment;  the  values  varied  with  the  dosage. 

There  was  no  significant  effect  of  daily  administration  of  Ovulen 


Table  21 


Effect  of  ACTH  on  Urinary  Cortisol  Values  in  Various  Conditions. 
Urinary  cortisol  was  determined  in  specimens  from  8  patients  before 


and  after  stimulation  with  ACTH. 
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TABLE  21 


EFFECT  OF  ACTH  ON  URINARY  CORTISOL  VALUES  IN  VARIOUS  CONDITIONS 

Urinary  Cor tisol  y g/24  hr 


Dosage 

Diagnosis 

Control 

After 

Medication 

25 

units  (M) 

q  6  hr 

Cushing's  syndrome 
(adrenal  hyperplasia) 

162,468 

918 

25 

units  (V) 

over  6 

hr 

Adrenal  insufficiency 
(primary) 

18.0 

19.8,22.5 

Adrenal  insufficiency 
(secondary) 

6.3 

468 

25 

units  (V) 

over  6 

hr 

Hirsutism 

27.9,51.3 

369 

Hirsutism 

72.0 

108.9 

40 

units  (V) 

over  8 

hr 

Chronic  obstructive 
pulmonary  emphysema 

90.0 

618,745 

40 

units  (M) 

b.i.d. 

Bronchial  asthma 

11.7,67.5 

225.0,297.0 

40 

units  (M) 
(8  days) 

O.D. 

Multiple  sclerosis 

247.0 

2205 

1710 

3420 

2250 

1809 

3060 

2045 


M,  intramuscular,  V,  intravenous, 
O.D.,  once  a  day 


q,  every,  b.i.d.,  twice  a  day 


Table  22 


Effect  of  Dexamethasone  on  Urinary  Cortisol  Values  in  Various 

Conditions .  Urinary  cortisol  was  determined  in  specimens  from 


5  patients  before  and  after  the  administration  of  dexamethasone. 
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TABLE  22 

EFFECT  OF  DEXAMETHASONE  ON  URINARY  CORTISOL  VALUES 

IN  VARIOUS  CONDITIONS 


Urinary  Cortisol 
U 8 / 24  hr 

After 


Dosage 

Diagnosis 

Control 

Medication 

2  mg 

q  8  hr 

Cushing's  syndrome 
(adrenal  hyperplasia) 

162,468 

43.2 

2  mg 

q  6  hr 

- 

41.4 

1  mg 

at  midnight 

Hirsutism 

34.2 

9.9 

0.5  mg 

q  6  hr  (1  day) 

- 

9.0 

0.5  mg 

q  6  hr  (3  days) 

Hirsutism 

- 

non  detectable 

0.5  mg 

q  6  hr  (2  days) 

Exogenous  Obesity 

47.7,64.8 

9.0 

1  mg 

at  midnight 

Barbiturate  Overdosage 

76.5 

25.2 

q,  every 
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(1  mg  of  ethynodiol  diacetate  plus  0.1  mg  of  mestranol)  on  the  urinary 
excretion  of  cortisol,  though  the  plasma  cortisol  was  relatively 
increased.  The  urinary  cortisol  values  in  patients  receiving  dilantin 
(diphenylhydantoin)  were  elevated  but  the  plasma  cortisol  concentrations 
were  in  the  normal  range  (Table  23) . 

The  effect  of  prednisone  and  diphenylhydantoin  in  vitro  on  protein- 
bound  cortisol  was  studied.  The  protein-bound  3H-F  was  determined 
before  and  after  addition  of  different  amounts  of  these  drugs.  It 
was  found  that  the  high  concentration  of  prednisone  did  compete  with 
protein-bound  cortisol  (Fig.  10)  but  diphenylhydantoin  had  no  effect 
on  the  competitive  protein  binding  of  cortisol  (Fig.  11). 
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Figure  10 

Effect  of  Prednisone  in  vitro  on  Protein-Bound  Cortisol.  The  effect 


in  vitro  of  various  amounts  of  prednisone,  0.005,  0.05,  0.5,  5  and 

50  yg,  was  determined  on  the  competitive  protein  binding  of  cortisol. 

3 

For  the  assay,  a  CBG-isotope  solution  containing  4  yCi%  H-F  in  5% 
plasma  and  10  mg  Fuller's  Earth  was  used.  The  protein-bound  cortisol, 
expressed  as  a  percentage  of  the  total,  is  plotted  against  the  concen¬ 
tration  of  prednisone. 
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Figure  10 

Effect  of  Prednisone  in  vitro  on  protein-bound  cortisol 


PREDNISONE  (ug) 


Figure  11 

Effect  of  Diphenylhydantoin  in  vitro  on  Protein-Bound  Cortisol.  The 


effect  in  vitro  of  various  amounts  of  diphenylhydantoin,  0.001,  0.01, 
0.1,  1,  10  and  100  yg,  on  the  competitive  protein  binding  of  cortisol 
was  determined.  For  the  assay,  a  CBG-isotope  solution  containing 

3 

4  yCi%  H-F  in  5%  plasma  and  10  mg  Fuller's  Earth  was  used.  The 
protein-bound  cortisol,  expressed  as  a  percentage  of  the  total,  is 
plotted  against  the  concentration  of  diphenylhydantoin. 
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Figure  II 

Effect  of  Di phenyl hydantoin  in  vitro  on  protein-bound  cortisol 
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CHAPTER  IV 
DISCUSSION 

A.  Cortisol  Transport  and  Disappearance 

The  adrenal  cortex  produces  a  great  number  of  steroids,  but  in 
humans  the  major  compound  having  glucocorticoid  activity  is  cortisol 
(compound  F,  hydrocortisone)  of  which  about  20  mg  are  elaborated 
daily.  Cortisol  is  formed  by  a  series  of  enzymic  reactions  from 
pregnenolone.  The  concentration  of  cortisol  in  adrenal  venous  blood 
approaches  1  mg/100  ml  (36),  all  of  which  is  non-conjugated .  During 
passage  through  the  liver  the  steroids  are  inactivated  and  conjugated 
with  various  acids  (37) ;  thus  the  peripheral  blood  contains  both 
non-conjugated  and  conjugated  adrenal  steroids.  Blood  levels  of 
cortisol  range  between  4  and  30  yg/100  ml  plasma. 

Reversible  binding  by  plasma  proteins  appears  fundamental  in 
regulating  the  availability  of  circulating  cortisol  for  physiologic 
activity  in  tissues,  for  inactivation  by  the  liver,  or  for  excretion 
by  the  kidneys.  At  physiological  concentrations,  94%  of  the  plasma 
non-conjugated  cortisol  is  in  protein-bound  form.  Plasma  protein 
components  are  involved  in  binding  non-metabolized  cortisol  (38,  39); 
plasma  cortisol  is  bound  predominately  by  an  alpha  globulin  termed 
corticosteroid-binding  globulin  (CBG)  (38)  or  transcortin  (39) .  This 
protein  has  a  high  binding  affinity  for  cortisol,  but  is  present 
only  in  low  concentrations  and  rapidly  becomes  saturated  as  the  level 
of  plasma  cortisol  is  raised  above  normal.  The  other  binding  protein, 
plasma  albumin,  or  a  portion  thereof  termed  corticosteroid-binding 
albumin  (CBA)  (40)  has  a  lesser  affinity  for  cortisol  but  is  present 
in  sufficient  quantity  in  plasma  so  as  not  to  become  saturated  at 
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levels  of  cortisol  possible  to  achieve  in  vivo.  Albumin  binding 
exists  at  low  concentrations  of  cortisol  (41,  42)  but  plays  its  major 
role  at  elevated  concentrations  where  CBG  is  saturated.  As  a  result 
of  the  reversible  binding  of  cortisol  by  CBG  and  CBA,  the  majority  of 
plasma  cortisol  is  held  in  an  available  but  temporarily  inactive  state 
(12,  32).  Only  the  small  fraction  of  non-metabolized  plasma  cortisol 
that  exists  in  an  unbound  state  is  presumed  to  retain  physiologic 
activity  (42) .  Because  of  the  differing  affinities  and  capacities 
of  CBG  and  CBA  for  cortisol,  the  unbound,  physiologically  active  hormone 
is  not  present  in  the  blood  as  a  constant  proportion  of  the  total 
concentration  of  cortisol.  At  concentrations  of  hormone  above  the 
normal  physiological  range  there  is  a  proportional  rise  in  free  cortisol 
which  has  been  shown  to  increase  linearly  with  the  total  plasma  cortisol 
concentration  in  studies  in  which  cortisol  was  infused  intravenously 
into  normal  subjects  (41) . 

Only  minute  amounts  of  unaltered  cortisol  are  excreted  in  the 
urine.  Binding  by  plasma  proteins  prevents  loss  of  most  cortisol 
through  the  glomerulus  (33,  43,  44).  The  majority  of  filtered  cortisol 
is  reabsorbed  (33,  44)  to  reduce  urinary  loss  still  further.  Both  the 
tubular  reabsorption  and  urinary  loss  of  cortisol  were  increased 
proportionately  by  raising  the  filtration  of  cortisol  experimentally 
in  normal  humans  (33).  Since  there  was  no  apparent  maximal  limit  to 
tubular  reabsorption  of  cortisol,  even  at  the  highest  plasma  steroid 
levels  pharmacologically  attainable,  it  was  concluded  that  cortisol  left 
the  tubular  lumen  by  passive  diffusion  rather  than  by  an  active 
reabsorption  process.  The  normal  values  of  urinary  cortisol  excretion  in 
24  hours  have  been  determined  by  various  procedures  shown  in  Table  24. 


Table  24 

Normal  Urinary  Cortisol  Values.  Urinary  cortisol  excretion  in  24-hr 
specimens  from  normal  subjects  as  determined  by  a  variety  of  methods 
including  chromatography,  fluorometry  and  competitive  protein-binding 
analysis  have  been  obtained  from  published  reports. 
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TABLE  24 

NORMAL  URINARY  CORTISOL  VALUES 


Subjects 

Urinary  Cortisol 
yg/24  hr 

Mean  Range 

Reference 

A.  Method 

Utilizing  Chromatography 

34 

35 

13-86 

Ayres  et  at.  1957 

(45) 

70 

43 

0-120 

Cope  &  Black  1959 

(25) 

11 

36 

18-64 

Jones  at .  1959 

(46) 

8 

15 

3-48 

Ross  1960 

(26) 

38 

71 

0-181 

Rosner  st  at.  1963 

(27) 

14 

20 

0-50 

Schteingart  st  at  1963 

(47) 

12 

10 

4-20 

Harris  &  Crane  1964 

(28) 

10 

31 

20-48 

Minic.k  1964 

(48) 

32 

12-69 

Ertel  &  Peterson  1966 

(49) 

13 

74 

35-95 

Espiner  1966 

(29) 

B.  Fluorometric  Method 

419 

191 

— 

De  Moor  et  at.  1962 

(50) 

24 

93 

60-159 

Pal  &  Smith  1965 

(51) 

C.  Competitive 

Protein- 

Binding  Radi 

oassay 

23 

48 

0-108 

Murphy  et  at.  1968 

(52) 

25 

48 

9.0-117.0 

Present  study 
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Normal  subjects  excreted  less  than  200  yg  of  unaltered  cortisol  per  day, 
or  somewhat  less  than  1%  of  the  estimated  daily  adrenal  output. 

The  physiologic  activity  of  circulating  cortisol  seems  restricted 
to  the  small  fraction  of  non-metabolized  unbound  cortisol  in  plasma. 

As  postulated,  this  fraction  alone  can  be  filtered  at  the  glomerulus, 
can  be  metabolized  by  the  liver,  and  can  cross  the  blood  brain  barrier 
(32).  In  addition,  it  probably  serves  alone  to  regulate  pituitary  ACTH 
release.  The  concentration  of  this  cortisol  fraction  is  regulated 
effectively  by  the  concentration  and  affinities  of  the  binding-proteins  , 
CBG  and  CBA.  Blood  levels  of  the  total  cortisol  range  between  4  and 
25  yg/100  ml  plasma  as  shown  in  Table  25,  but  the  active  form  generally 
varies  between  0.5  and  2.5  yg/100  ml.  The  present  results  for  plasma 
cortisol  refer  to  the  total  of  both  free  and  protein-bound  forms. 
Transcortin  (corticosteroid-binding  globulin,  CBG)  in  the  test  plasma 
was  destroyed  by  heating  or  by  precipitation  with  ethanol. 

The  disappearance  of  cortisol  from  plasma  is  controlled  principally 
by  the  rate  at  which  it  is  metabolized  by  the  liver.  There  is  a  step¬ 
wise  hepatic  conversion  of  cortisol  to  its  dihydro-  and  tetrahydro- 
metabolites  and  then  to  conjugated  derivatives  (58,  49).  This  is 
dependent  on  a  specific  triphosphopyridine  dehydrogenase,  which 
saturates  the  4-5  position  double  bond  in  the  A  ring  of  cortisol  to 
form  dihydrocortisol.  There  is  evidence  that  the  rate  of  cortisol 
disappearance  is  regulated  in  part  also  by  plasma  protein  binding, 
which  influences  the  availability  of  cortisol  for  hepatic  metabolism 
Unbound  plasma  cortisol  disappeared  about  twice  as  rapidly  as  the 
bound  fraction  in  normal  subjects  (60) . 

It  is  well  established  that  normally  a  marked  diurnal  variation 
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occurs  in  the  plasma  level  of  17-hydroxycorticosteroid ,  the  peak  values 
being  found  early  in  the  morning  and  the  lowest  during  the  night  (61-63) . 
At  present  it  seems  probable  that  normal  variations  in  plasma  17-OHCS 
concentration  are  caused  by  changes  in  the  rate  of  secretion  of  ACTH 
(64) .  The  plasma  cortisol  level  begins  to  rise  rather  rapidly  shortly 
after  midnight  reaching  a  maximum  about  6  a.m.  and  then  a  gradual 
decline  takes  place,  the  lowest  level  being  reached  between  early 
evening  and  midnight.  Normally,  cortisol  is  secreted  by  the  adrenal 
only  in  response  to  ACTH.  In  turn  cortisol  is  the  only  product  of  the 
human  adrenal  that  has  appreciable  ACTH-regulating  effect.  Espiner 
(28)  studied  the  diurnal  variation  of  cortisol  excretion  by  collecting 
consecutive  12-hr  urines  divided  at  6:30  a.m.  and  6:30  p.m.  He 
found  a  significantly  lower  value  for-  cortisol  excreted  during  the 
night  than  during  the  day. 

In  the  present  study,  plasma  cortisol  showed  a  definite  diurnal 
variation  since  the  difference  of  results  obtained  at  8  to  9  a.m.  and 
at  3  to  4  p.m.  was  highly  significant  (p  <  0.001).  However,  there  was 
not  a  significant  difference  between  the  corresponding  urinary 
cortisol  values  in  12-hr  urines  divided  at  7  a.m.  and  7  p.m.  (p  >  0.05). 
These  results  were  explained  by  the  fact  that  the  times  chosen  for 
collection  of  urine  specimens  were  not  suitable  to  demonstrate  the 
diurnal  variation.  The  plasma  cortisol  values  are  known  to  reach  a 
peak  at  approximately  6  a.m.  and  then  gradually  fall  throughout  the 
remainder  of  the  day  to  a  minimum  between  6  p.m.  and  midnight,  only 
to  rise  again  at  about  2  a.m.  The  urinary  cortisol  excretion  follows 
the  plasma  cortisol  pattern.  The  values  reached  a  peak  at  6  to  8  a.m. 
and  gradually  decreased  to  a  minimum  at  1  to  3  a.m.  (Fig.  6). 
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Renal  hemodynamics  (glomerular  filtration  rate  and  renal  plasma  flow) 
have  a  minimum  during  the  1  to  7  a.m.  period  and  have  a  peak  in  the  early 
afternoon  hours;  their  fluctuation  around  the  24-hr  mean  range  from 
about  90  to  approximately  110%  of  the  24-hr  mean  (65) .  The  variation 
of  the  urinary  cortisol  around  the  mean  can  be  affected,  but  certainly 
not  accounted  for,  by  renal  hemodynamic  factors. 

B.  Urinary  and  Plasma  Cortisol  in  Normal  and  Pathological  Conditions 

1.  Urinary  Cortisol  in  Infants,  Children  and  Young  Adults.  The 
pathways  of  metabolism  of  cortisol  in  the  human  newborn  infant  are 
different  from  those  in  adults.  Migeon  et  at.  (66)  indicated  that  at 
term,  little  or  no  17-OKCS  are  produced  by  either  the  fetal  adrenals 
or  the  fetal  side  of  the  placenta.  The  most  probable  sites  of  bio¬ 
synthesis  of  such  hormones  are  on  the  maternal  adrenals  and/or  the 
maternal  side  of  the  placenta.  The  normal  newborn  infant  from  two 
to  five  days  of  age  has  a  significantly  lower  level  of  circulating 
free  compound-F-like  substance  (67)  and  responds  to  ACTH  administration 
with  a  smaller  fall  in  circulating  eosinophils  and  a  smaller  increase 
in  urinary  corticosteroids  than  do  older  infants  (68,  69). 

In  the  study  of  the  disappearance  rate  of  17-hydroxycorticoids 
from  plasma  following  the  intravenous  administration  of  hydrocortisone, 
it  became  apparent  that  the  half-life  of  the  steroid  was  very  much 
prolonged  in  the  newborn  human  infant  (70).  The  decreased  formation 
of  glucuronic  acid  conjugated  metabolites  and  the  delayed  occurrence 
of  this  fraction  in  the  urine  strongly  indicate  immaturity  of  the  enzyme 
systems  involved  in  metabolism  of  cortisol.  A  low  or  absent  activity 
of  glucuronic  acid  transferase  in  early  life  has  been  reported  (71). 

On  the  other  hand,  the  maternal  estrogens  transmitted  to  the  infant 
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delayed  the  disposition  of  hydrocortisone  (72).  Diczfalusy  et  at .  (73) 
has  shown  that  in  the  urine  of  newborn  infants  there  is  a  large  amount 
of  estriol,  which  diminished  rapidly  to  negligible  levels  by  the  fifth 
day.  In  measuring  the  Por ter-Silber  chromogens  in  urine,  it  was  found 
that  the  free  steroid  fraction  accounted  for  a  higher  percentage  of  the 
total  17-hydroxycorticosteroids  in  newborn  infants  than  in  adults  subjects 

(74)  and  it  was  demonstrated  that  63-hydroxycortisol  was  by  far  the 
most  prominent  steroid  in  this  extract  (75).  It  has  been  suggested 
that  63-hydroxylation  of  cortisol  represents  an  alternative  pathway 
of  metabolism  when  the  formation  of  the  more  common  derivatives  of 
cortisol  is  somewhat  impaired  (76). 

The  role  of  the  kidney  in  excretion  of  corticosteroids  should 
also  be  considered  since  renal  function  is  immature  in  newborn  infants 
(77).  It  could  therefore  cause  the  decreased  excretion  rate  of 
corticosteroids . 

The  influence  of  body  size  upon  the  urinary  excretion  of  corticoids 
has  been  studied  by  several  authors.  In  normal  subjects  significant 
correlations  have  been  found  between  the  glucocorticoid  excretion  and 
body  weight  (78-81),  body  height  (78-79)  and  body  surface  area  (82). 

Minick  (48)  studied  cortisol  excretion  from  infancy  to  adult  life 
and  expressed  the  excretion  rates  in  yg/kg  body  weight/24  hr.  It  was 
found  that  infants  excreted  significantly  less  cortisol  than  any 
other  group  which  was  in  accord  with  the  findings  of  Ulstrom  et  at. 

(75)  .  None  of  groups  between  the  ages  of  1  and  20  years  was  statis¬ 
tically  different  from  each  other.  However,  children  below  age  10 
excreted  significantly  less  cortisol  than  did  adults  (aged  more  than 
20  years) . 
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The  present  results  of  urinary  cortisol  excretion  inyg/kg  body 
weight/24  hr  are  shown  in  Table  10  and  Fig.  7.  The  value  in  one  of 
the  infants  was  relatively  high.  This  might  be  explained  if  there  was 
a  decreased  degradation  of  cortisol  which  resulted  in  an  increased 
free  fraction.  The  values  in  children  were  not  significantly  different 
from  those  found  in  adults  (p  >  0.05). 

2.  Urinary  and  Plasma  Cortisol  in  Pregnancy.  The  alteration  of 
hydrocortisone  metabolism  during  pregnancy  might  be  related  to  the 
high  secretion  of  estrogen  (40,  83).  The  changes  in  plasma  and  urinary 
corticoids  in  pregnant  women  and  estrogen-treated  subjects  were  similar. 
It  has  been  reported  previously  that  the  concentration  of  plasma 
17-hydroxycorticosteroids  (17-OHCS)  is  increased  in  pregnancy  (84-87) . 
The  studies  of  Schuller  (88)  and  of  Appleby  and  Norymberski  (89) 
indicated  that  the  output  of  total  17-OHCS  slightly  increased, 
reaching  a  maximum  at  the  ninth  month  of  the  gestation  period. 

Following  parturition,  excretion  values  fell  and  by  the  end  of  the 
first  week  of  the  puerperium  had  returned  to  normal  levels.  Sandberg 
and  Slaunwhite  (87)  and  DeMoor  et  at.  (90)  showed  that  estrogens 
produced  an  increase  in  the  synthesis  of  a  specific  cortisol-binding 
protein  which  explained  the  elevated  plasma  cortisol  and  produced 
some  delay  in  the  degradation  of  cortisol  by  the  liver.  A  decreased 
turnover  rate  of  cortisol  was  observed  in  pregnancy  (85)  and  during 
estrogen  therapy.  This  was  confirmed  by  Christy  et  at.  (91). 

The  plasma  unbound  cortisol  was  in  normal  concentration  in 
es trogen- treated  subjects  (92)  and  Booth  et  at.  (93)  stated  that  the 
concentration  of  free  cortisol  in  plasma  in  late  pregnancy  was  in 
the  same  range  as  in  non-pregnant  women.  Grant  et  at.  (94)  studied 
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the  effect  of  estrogen  therapy  on  cortisol  metabolism  and  noted  that  the 
secretion  rate  of  cortisol  was  reduced  and  there  were  no  marked  changes 
in  free  cortisol  in  the  urine.  On  the  contrary  Plager  et  at.  (95)  found 
that  in  estrogen- treated  subjects,  the  levels  of  both  bound  and  unbound 
plasma  cortisol  were  elevated,  which  was  an  index  of  increased  cortisol 
production  rate.  Martin  and  Mills  (84)  also  noted  that  the  level  of 
unbound  cortisol  in  plasma  increased  slightly  during  pregnancy. 

In  this  present  study,  subjects  receiving  Ovulen,  1  mg  (containing 
1  mg  of  ethynodiol  diacetate  and  0.1  mg  of  mestranol  orally  for  7  days, 
demonstrated  an  elevation  in  plasma  cortisol  but  the  urinary  cortisol 
excretion  was  in  the  normal  range.  The  high  concentration  of  total 
plasma  cortisol  more  likely  resulted  from  an  elevated  protein-bound 
fraction  with  no  marked  change  in  the  free  form.  In  the  pregnancy 
series,  the  urinary  excretion  was  increased  gradually  throughout 
pregnancy  and  the  values  of  total  plasma  cortisol  were  remarkably 
elevated  from  the  normal  range  (Fig.  8). 

These  observations  suggest  that  during  pregnancy  there  may  occur 
increased  unbound  plasma  cortisol  levels  since  it  has  been  shown  that 
an  elevated  cortisol  excretion  in  urine  reflected  an  increase  in  the 
plasma  concentrations  of  free  cortisol  (32,  41,  96,  97).  The  increased 
plasma  free  cortisol  could  be  due,  perhaps,  to  a  decrease  in  the  turn¬ 
over  rate  or  increase  of  production  of  the  hormone.  However,  the  role 
of  the  kidney  must  also  be  considered.  Glomerular  filtration  is  in¬ 
creased  approximately  50%,  and  the  filtration  fraction  is  significantly 
elevated  throughout  pregnancy,  rising  to  approximately  40%  above 
control  values  as  term  is  approached  (97).  Furthermore,  an  increased 
excretion  of  66-hydroxycortisol  in  pregnancy  has  been  reported  (98) . 
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This  cortisol  metabolite  might  have  an  interference  on  cortisol  assay 
by  the  competitive  protein-binding  method.  The  increased  excretion 
of  urinary  cortisol  may  be  a  reflection  of  these  factors. 

In  toxemia  of  pregnancy,  Meyer  (99)  found  that  the  cortisol  binding 
capacity  was  significantly  lower  than  those  of  normal  pregnant  women 
and  the  free  cortisol  in  plasma  was  increased.  However,  it  was  not 
possible  to  correlate  the  severity  of  the  toxemia  with  the  amount  of 
free  cortisol.  All  subjects  studied  in  the  present  investigation  were 
ward  patients  who  showed  some  features  of  preeclampsia,  not  representing 
a  uniform  clinical  group.  The  data  thus  far  obtained  showed  that  the 
plasma  and  urinary  cortisol  values  in  the  patients  with  preeclampsia 
did  not  differ  significantly  from  those  in  normal  pregnancy  in  the 
third  trimester  (p  >  0.05). 

3.  Urinary  and  Plasma  Cortisol  in  Cushing’s  Syndrome,  Obesity, 
Hypertension,  Hirsutism,  and  Extra-Adrenal  Tumors.  It  is  well 
established  that  the  clinical  features  and  metabolic  abnormalities  of 
Cushing’s  syndrome  are  the  result  of  excessive  secretion  of  cortisol. 
Difficulty  can  be  encountered  in  the  laboratory  confirmation  of  the 
diagnosis  in  some  patients  clinically  suspected  as  suffering  from 
Cushing’s  syndrome  because  their  basal  levels  of  excretion  of 
corticosteroids,  as  measured  by  group  tests  such  as  17-hydroxycor ticoids 
(100)  or  17-ketogenic  steroids  (101)  fluctuate  from  day  to  day  and  may 
lie  within  the  normal  range  or  even  below  it  (102).  Cope  and  associates 
(23,  24)  were  the  first  to  emphasize  the  usefulness  of  direct 
measurement  of  the  urinary  unconjugated  cortisol  in  the  detection  of 
adrenocortical  hyperfunction,  observing  that  it  was  more  sensitive  than 
the  determination  of  cortisol  metabolites.  This  was  confirmed  by 
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several  workers  as  shown  in  Table  26.  The  greater  sensitivity  is 
explained  essentially  by  several  factors.  Plasma  cortisol  is  bound  to 
a  specific  alpha  globulin  with  strong  binding  affinity  but  low  capacity 

(104) .  Therefore,  as  circulating  cortisol  increases  there  is  a  rapid 
rise  in  the  free  fraction,  leading  to  an  increase  in  the  filtered  load 
of  cortisol.  Additionally,  nearly  all  patients  with  Cushing's  syndrome 
fail  to  show  the  normal  diurnal  variation  of  plasma  cortisol  level 

(105)  ,  and  the  sustained  blood  cortisol  levels  themselves  might  account 
for  a  higher  urinary  excretion.  The  slight  rise  of  plasma  cortisol  above 
normal  was  reported  to  increase  the  renal  clearance  of  unbound  cortisol 
to  approximately  60  ml  per  minute  (normal  20  ml  per  minute)  (106) .  Even 
though  some  85%  is  reabsorbed  in  normal  subjects  (44),  there  is 
sufficient  urinary  loss  to  afford  a  sensitive  indicator  of  free, 
physiologically  active  plasma  cortisol. 

One  characteristic  of  the  adrenal  cortex  in  Cushing's  disease  is 
that  it  responds  to  stimulation  with  exogenous  corticotropin  by 
secreting  amounts  of  cortisol  that  are  greater  than  is  usual  (26,  28, 

107,  108).  Maximum  stimulation  of  the  adrenal  cortex  can  be  achieved 
by  the  intravenous  infusion  of  corticotropin,  as  proposed  by  Laidlaw 
and  co-workers  (107) ,  or  by  intramuscular  injection  of  corticotropin- 
gel  twice  daily.  The  corticotropin  stimulation  test  can  be  helpful 
in  the  diagnosis  of  Cushing's  syndrome  when  used  in  association  with 
other  evidence.  Responsiveness  to  corticotropin  is  not  reliable  in 
the  differentiation  of  hyperplasia  from  tumor  (109,  110). 

The  ACTH-suppression  test  is  a  means  of  distinguishing  ACTH- 
dependent  hyperadrenocorticism  from  autonomous  hyperadrenocorticism. 

Cope  and  Harrison  (23,  111)  who  studied  cases  of  Cushing's  syndrome 


Table  26 

Urinary  Cortisol  Values  in  Cushing’s  Syndrome.  The  concentration  of 
urinary  cortisol  in  specimens  from  patients  with  Cushing’s  syndrome  as 
reported  by  several  investigators  was  obtained  from  published  reports. 
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TABLE  26 

URINARY  CORTISOL  VALUES  IN  CUSHING'S  SYNDROME 


No.  of 
Subjects 

Urinary  Cortisol 
yg/24  hr 

Normal  Cushing’s  Syndrome 

Reference 

2 

13-86 

370-1200 

Ayres  et  at.  1957 

(45) 

12 

0-120 

(43) 

320 

(mean) 

Cope  &  Black  1959 

(25) 

11 

3-48 

58-710 

Ross  1960 

(26) 

8 

4-40 

28-1650 

Franken  and 

Z imme  rmann  1962 

(103) 

9 

0-181 

297-3605 

Rosneret  at.  1963 

(27) 

19 

20.38  ±  8.26 

153 

.72  ±54.09 

Schteingar t 
et  at.  1963 

(47) 

11 

4-20 

110-8000 

Harris  &  Crane  1964 

(28) 

10 

35-98 

139-4600 

Espiner  1966 

(29) 

13 

0-108 

120-10,000 

Murphy  et  at.  1968 

(52) 

6 

9.0-117.0 

162-15,390 

Present  Study 

- 

* 
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associated  with  adrenal  hyperplasia  and  with  adrenocortical  carcinoma 
noted  that,  in  response  to  9a-f luorocortisol  in  divided  doses  totalling 
5  to  10  mg  per  day,  all  patients  with  adrenal  hyperplasia  exhibited 
partial  suppression  of  urinary  corticosteroid  excretion  whereas  the 
patients  with  carcinoma  did  not.  This  was  confirmed  by  several  workers 
(8,  112,  113).  In  adrenal  suppression,  it  was  apparent  that  urinary 
cortisol  dropped  more  promptly  and  more  completely  than  any  of  the 
other  measures  (25).  Ginnes  et  at,  (114)  found  that  urinary  steroid 
excretion  was  abnormally  resistant  to  suppression  in  patients  with 
Cushing’s  syndrome  due  to  adrenal  hyperplasia,  but  distinct  suppression 
occurred  when  the  dose  of  A1-9a-f luorocortisol  (AFF)  was  increased 
to  6  gm  per  day  (9a-f luorocortisol  is  only  about  one-third  as  potent 
as  AFF  with  respect  to  ACTH-suppression) . 

The  suppression  test  using  a  large  dose  of  an  AC TH- inhibiting 
steroid  is  very  useful,  as  an  unequivocal  decrease  in  steroid  excretion 
is  found  only  in  ACTH-dependent  hypercorticism  (115) .  Failure  to 
induce  suppression  is  suggestive  but  not  diagnostic  of  cortisol- 
producing  tumors. 

The  urinary  cortisol  values  after  ACTH  and  dexamethasone  in 
normal  and  Cushing’s  subjects  were  shown  in  Table  27. 

Measurement  of  urinary  cortisol  is  of  diagnostic  value  for 
distinguishing  obese  patients  with  equivocal  evidence  of  Cushing’s 
syndrome.  Data  on  21  such  patients  were  presented  in  Table  20. 
Adrenocortical  overactivity  has  been  repeatedly  shown  to  be  a 
characteristic  of  some  obese  patients.  Such  reports  have  pointed 
to  the  presence  of  increased  urinary  17-hydroxycorticosteroids  (17-OHCS) 
(80,  116-118)  associated  with  a  moderately  increased  rate  of  cortisol 
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production  (119,  120).  However  the  plasma  levels  of  17-hydroxycortico- 
steroids  were  normal  or  low  (117) .  It  has  been  shown  that  obese  patients 
exhibit  a  more  rapid  disappearance  of  injected  labelled  cortisol, 
indicating  that  in  them  cortisol  has  a  shorter  half-life  (117) .  In 
the  present  series  it  was  found  that  the  urinary  cortisol  levels  in 
obese  patients  were  in  the  normal  range  whereas  the  levels  of  urinary 
17-ketogenic  steroids  (17  KGS)  were  increased,  which  supported  an 
increased  plasma  cortisol  removal  (121)  and  an  increase  in  the 
urinary  excretion  of  cortisol  metabolites  (122) . 

The  adrenal  cortex  has  been  thought  to  play  a  large  part  in 
maintaining  arteriolar  tonus,  and  total  adrenalectomy  has  been  shown 
to  cause  a  dramatic  remission  of  malignant  hypertension  (123) .  Adrenal 
cortical  function  has  been  investigated  by  the  measurement  of  the 
excretion  of  glucocorticoid  (determined  by  biological  assay)  and  of 
17-ketosteroids  (determined  chemically) ,  but  no  significant  changes 
were  found  (124).  Kornel  (125)  noted  that  in  hypertensive  subjects 
there  was  a  decrease  in  clearance  of  the  conjugated  17-OHCS  which 
raised  their  level  and  reversed  the  ratio  of  free  to  conjugated  17- 
OHCS  in  blood. 

In  the  present  study,  the  values  obtained  for  the  urinary  excretion 
of  cortisol  were  in  the  normal  ranges,  even  though  increased  concentra¬ 
tions  of  plasma  cortisol  were  observed  in  some  cases.  On  the  basis  of 
this  indirect  evidence,  it  is  probable  that  there  was  no  significant 
disturbance  in  the  free  fraction  of  plasma  cortisol  in  hypertension. 

The  clinical  features  of  a  series  of  50  patients  with  Cushing’s 
syndrome  were  reviewed  by  Ross  et  at,  (126).  Obesity  was  the  most 
common  symptom  and  sign,  being  present  in  88%,  although  only  38% 
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showed  the  truncal  distribution  of  obesity  regarded  as  typical  of 
Cushing’s  syndrome.  Hypertension  was  present  in  74%  of  the  patients. 

In  addition,  hirsutism  was  a  finding  in  41  cases  being  the  principal 
complaint  in  2.  Therefore,  in  the  present  study  a  group  of  patients 
with  hypertension  and/or  obesity,  as  well  as  a  group  of  hirsute  women 
who  had  no  palpable  enlargement  of  the  ovaries  was  studied.  It  was 
found  in  all  cases  (Fig.  9)  that  the  urinary  cortisol  levels  were 
within  the  normal  range,  although  the  17-ketosteroid  excretion 
tended  to  be  raised  in  the  women  with  hirsutism.  The  measurement  of 
urinary  cortisol  helped  to  differentiate  the  hypertension,  obesity 
or  hirsutism  associated  with  Cushing’s  syndrome  from  those  in  other 
conditions . 

Cushing’s  syndrome  has  been  reported  in  association  with  a  variety 
of  neoplasms,  most  often  pulmonary  (which  is  of  the  small  oat  cell 
type  in  almost  every  case) ,  but  occasionally  may  be  thymic  or 
pancreatic  (127-129).  The  classic  physical  findings  of  Cushing’s 
syndrome  were  noted  in  only  about  one-half  the  cases  reported.  This 
is  said  to  be  due  to  the  extremely  rapid  course  of  the  malignant 
process  and  consequently  short  survival  time  for  most  of  these  patients. 
Death  may  occur  before  the  full-blown  clinical  picture  of  Cushing’s 
syndrome  develops.  Meador,  Liddle  and  associates  (130)  indicated 
the  tumor  tissue  secreted  a  corticotropic  substance.  They  detected 
abnormally  high  ACTH-like  material  in  the  plasma  and  also  in  the 
primary  and  metastatic  tumors.  Adrenocortical  hyperfunction  by 
malignant  sources  is  associated  with  bilateral  hyperplasia  of  the 
zonae  fasciculata  and  reticularis  (131) .  The  high  rates  of  secretion 
of  cortisol  were  notable  (12,  130-132)  and  suppressed  the  normal 
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ACTH-secretory  mechanism  of  the  pituitary.  Thus  while  the  autonomous 
secretion  of  an  ACTH-like  material  by  malignant  sources  continues, 

ACTH  production  in  the  pituitary  is  inhibited  but  hyperadrenocorticism 
is  enhanced,  and  major  metabolic  aberrations,  particularly  hypokalemia, 
are  induced. 

Because  tumor  tissue  is  not  influenced  by  the  normal  regulatory 
mechanism,  it  continues  to  elaborate  its  ''hormone’'  despite  extremely 
high  endogenous  cortisol  levels  or  large  doses  of  synthetic  ACTH- 
suppressing  steroids,  such  as  dexamethasone .  The  response  to 
corticotropin  has  been  reported  to  be  feeble  in  relation  to  the 
initial  steroid  excretion  (11).  The  autonomous,  unregulated  nature 
of  tumor  secretion  has  also  been  suggested  by  the  presence  of  urinary 
corticosteroids  in  substantially  higher  levels  than  those  commonly 
found  in  Cushing's  syndrome.  In  the  present  investigation  a  number 
of  patients  with  cancer  were  studied.  Although,  the  urinary  and 
plasma  cortisols  were  increased  in  some  cases,  a  remarkable  elevation 
of  these  values  occurred  only  in  two  cases  with  ACTH-producing  tumors 
of  the  lung  (undifferentiated  cell  type).  One  patient  was  found  to 
have  adrenal  cortical  hyperplasia,  the  other  metastatic  carcinoma 
to  both  adrenal  glands.  These  observations  confirm  the  previous 
evidence  which  showed  that  adrenocortical  hyperfunction  may  be  found 
in  certain  neoplasms,  and  verify  the  diagnostic  value  of  the  urinary 
cortisol  determination  in  cases  of  extra-adrenal,  ACTH-producing 
tumor  s . 

4.  Urinary  and  Plasma  Cortisol  in  Subjects  Receiving  Various 
Medications .  Two  medications  (prednisone  and  diphenylhydantoin  (DPH)) 


were  found  to  influence  cortisol  metabolism  and  result  in  an  increased 
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value  for  urinary  cortisol  which  might  be  interpreted  in  error  as  being 
due  to  adrenocortical  hyperf unction.  Prednisone  has  some  influence 
on  the  specific  binding  of  cortisol  (133)  as  shown  in  vivo  by  the 
finding  of  a  lowered  CBG  after  administration  of  the  drug  (91). 
Therefore,  this  steroid  would  compete  for  the  binding  sites  on  trans- 
cortin  and  result  in  a  higher  plasma  unbound  cortisol  concentration  and 
increased  urinary  cortisol  excretion.  However,  Pal  et  al.  (50)  found 
that  patients  treated  with  prednisolone,  1-20  mg/day,  orally,  excreted 
smaller  quantities  of  unconjugated  cortisol  than  normal  subjects  (using 
a  fluorometric  method) .  This  decreased  excretion  was  thought  to  be  due 
to  diminished  production  of  endogenous  cortisol  owing  to  inhibition  of 
the  pituitary  by  the  administered  corticosteroid.  To  further  complicate 
matters,  the  appearance  of  prednisone  in  the  plasma  and  urine  would 
interfere  directly  with  the  cortisol  assay  by  the  competitive  protein¬ 
binding  technique  (Fig.  10).  The  competition  for  cortisol-binding 
protein  in  vitro  was  found  to  vary  with  the  concentration  of  prednisone. 
Since  it  is  generally  thought  that  therapy  with  synthetic  corticosteroid 
analogues  causes  a  reduction  of  plasma  corticosteroid  concentration 
(22,  134-136),  the  apparent  discrepancy  of  the  results  reported  in  this 
paper  probably  are  explained  by  the  direct  interference  of  prednisone 
in  plasma  and  urine  with  the  cortisol  assay  by  the  competitive  protein¬ 
binding  method. 

The  effect  of  diphenylhydantoin  administration  has  been  investigated 
by  analysing  cortisol  metabolites  in  urine  (137) .  It  was  found  that 
the  excretion  of  63-hydroxycortisol  and  unconjugated  polar  metabolites 
increased  while  that  of  conjugated  tetrahydro  derivatives  decreased. 
Cortisol  secretion  rates  increased  slightly  in  subjects  with  short 
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term  (5-8  weeks)  treatment  with  DPH  and  appeared  to  be  reduced  in 
patients  receiving  long  term  therapy.  These  findings  suggested  that 
DPH  may  have  an  initial  stimulatory  and  a  later  depressant  action  on 
the  adrenal  cortex  (138) .  In  a  study  which  measured  plasma  levels 
of  17-OHCS,  the  response  to  an  ACTH  stimulus  and  the  half-life  of 
cortisol  in  patients  receiving  this  drug,  all  findings  were  in  the 
normal  range  (139) .  Although  it  has  been  reported  that  DPH  will 
interfere  with  the  protein  binding  of  another  hormone,  thyroxine  (140- 
142),  in  the  present  study  it  was  found  that  (Fig.  11)  that  there 
was  no  significant  change  of  protein-bound  cortisol  in  vitro  after 
adding  various  amounts  of  DPH.  The  increased  urinary  cortisol  in 
patients  receiving  DPH  might  be  explained  by  the  fact  that  the  free 
fraction  of  cortisol  in  plasma  was  elevated,  which  in  turn  might 
result  from  an  increased  hormone  secretion  rate,  a  decreased  or 
limited  rate  of  hepatic  reduction  and  conjugation,  or  a  combination 
of  these  factors. 

5.  Urinary  and  Plasma  Cortisol  in  Other  Disorders.  Adrenal 
insufficiency  results  from  a  variety  of  causes.  Addison's  disease  is 
considered  as  a  form  of  chronic  primary  adrenal  insufficiency.  Because 
of  the  anterior  pituitary  control  of  the  adrenal  cortex,  a  deficiency 
of  adrenal  hormones,  particularly  the  glucocorticoids,  may  also  result 
from  disease  of  the  anterior  pituitary  which  is  designated  secondary 
adrenal  insufficiency.  In  adrenal  insufficiency  the  plasma  cortisol 
concentrations  were  often  low  but  might  be  within  the  normal  range; 
the  corticosteroid-binding  globulin  was  normal  (91,  143) .  Cortisol 
secretion  rates  in  hypopituitarism  were  very  low  in  contrast  to  those 
in  Addison's  disease,  which  overlapped  with  the  normal  range  (144). 
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In  the  latter  the  factor  commonly  determining  the  onset  of  symptoms 
was  a  deficiency  of  aldosterone  rather  than  of  cortisol.  Low  concen¬ 
trations  of  urinary  17-OHCS,  17  KGS  and  free  cortisol  excretion  may 
be  found  in  normal  subjects;  therefore,  the  decreased  excretion  of 
these  urinary  steroids  in  hypoadrenalism  may  be  difficult  to  demonstrate. 
However,  the  urinary  excretion  of  tetrahydrocortisone  or  of  tetrahydro- 
cortisol,  or  of  the  two  combined  was  a  valuable  measure  (25) .  Urinary 
cortisol  determinations  were  helpful  in  diagnosing  primary  and 
secondary  adrenal  cortical  insufficiency  when  measured  during  ACTH 
administration.  In  primary  adrenal  insufficiency  the  steroid  production 
could  not  be  increased  further  by  ACTH  stimulation.  Several  of  these 
features  have  been  confirmed  in  the  present  study. 

Since  renal  excretion  is  an  important  and  well-established  aspect 
of  corticosteroid  metabolism,  the  virtual  cessation  of  renal  function 
would  certainly  be  expected  to  lead  to  an  accumulation  of  urinary 
corticosteroid  or  its  metabolites  in  the  extracellular  fluid.  In 
several  investigations,  it  has  been  found  that  the  basal  excretion  of 
17-ketosteroids  and  17-OHCS  into  the  urine  was  decreased  in  renal 
disease  (145,  146)  with  retention  of  17-OHCS,  especially  the  conjugated 
derivatives.  There  was  an  observed  correspondence  of  these  parameters 
with  the  degree  of  renal  impairment  (147-150) .  In  the  present  series 
there  was  no  significant  change  of  plasma  and  urinary  cortisol 
(p  >  0.05)  in  chronic  renal  failure.  This  might  be  explained  if  the 
plasma  free  cortisol  was  increased,  due  to  impairment  of  hepatic 
reduction  or  by  hypoproteinemia  in  these  patients  (151) .  This  would 
result  in  an  increase  of  the  filtered  load  of  free  cortisol  and 
yield  values  in  the  normal  range,  even  though  the  glomerular  filtration 
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rate  was  markedly  reduced.  On  the  other  hand,  it  was  possible  that 
there  was  a  reduction  in  the  amount  of  filtered  cortisol  reabsorbed 
by  the  tubules . 

The  liver  plays  a  very  important  role  in  the  inactivation  of 
adrenal  hormones.  Different  mechanisms  may  be  concerned  in  the 
degradation.  The  most  important  is  the  A  ring  hydrogenation  which 
involves  enzymatically  irreversible  steps.  In  hepatic  disease 
cortisol  catabolism  was  disturbed.  An  increased  half-life  of 
infused  cortisol  in  patients  with  liver  disease  was  reported  (90, 

148,  152-155)  and  the  decreased  destruction  of  cortisol  was  always 
associated  with  a  compensatory  decrease  in  adrenal  production  (155) .  A 
normal  level  of  cortisol  can,  however,  be  maintained.  The  findings  in 
this  study  showed  a  normal  range  of  plasma  and  urinary  cortisol  in 
5  patients  with  liver  disease.  It  might  indicate  that  no  significant 
alteration  occurred  in  the  fraction  of  bound  and  unbound  cortisol  in 
those  cases.  In  one  case,  the  urinary  cortisol  excretion  was  increased 
A  possible  explanation  would  be  an  impairment  of  cortisol-binding 
by  plasma  proteins  which  varied  with  the  severity  of  the  liver  disease 
and  which  resulted  in  an  increase  in  the  fraction  of  unbound  cortisol 
(156). 

Because  of  the  influence  of  thyroxine  on  the  degradation  of 
cortisol  by  liver  (157)  patients  with  abnormal  thyroid  function 
were  studied.  It  was  found  that  there  was  no  significant  change  in 
the  plasma  or  urinary  cortisol  in  either  hyperthyroidism  or  hypo¬ 
thyroidism,  in  agreement  with  the  findings  of  Rosner  et  aZ.  (27), 
although  an  increase  in  cortisol  production  and  degradation  in 
hyperthyroidism  and  a  decrease  in  hypothyroidism  have  been  reported  (58 
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157-161). 

It  has  been  demonstrated  that  alterations  in  the  corticotropin- 
glucocorticoid  system  may  follow  the  extreme  changes  in  carbohydrate 
metabolism  which  occur  occasionally  in  diabetic  patients.  Fifteen 
diabetic  subjects  were  studied  and  it  was  observed  that  the  urinary 
cortisol  excretion  in  all  of  them  was  in  the  normal  range.  An  elevated 
plasma  cortisol  was  found  in  two  cases  who  had  no  vascular  or  renal 
complications.  The  cortisol-binding  capacity  of  plasma  transcortin 
in  diabetic  subjects  was  higher  and  had  a  larger  individual  variation 
than  normal  (142) ,  which  might  explain  the  elevated  plasma  cortisol 
levels.  Since  urinary  cortisol  excretion  reflected  the  concentration 
of  unbound  cortisol  in  plasma,  it  was  possible  that  the  unbound  form 
of  cortisol  was  not  increased. 

This  study  dealt  with  only  one  part  of  the  assessment  of  adrenal 
function.  The  method  employed  was  suitable  for  use  in  clinical 
studies  and  was  especially  useful  in  the  detection  of  adrenocortical 
hyper function.  In  all  the  present  studies,  involving  the  determination 
of  cortisol  in  plasma,  it  was  the  total  hormone  that  was  measured. 

Since  it  is  believed  to  be  the  free  cortisol  that  is  the  biologically 
active  component,  it  probably  would  increase  the  clinical  value  of  the 
procedure  if  it  could  be  modified  to  measure  free  rather  than  total 
cortisol.  On  the  basis  of  other  investigations  (41,  94)  it  is  likely 
that  this  could  be  achieved  by  an  initial  separation  of  the  free 
cortisol  by  a  procedure  such  as  equilibrium  dialysis  or  ultrafiltration. 
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CHAPTER  V 
SUMMARY 

1.  A  competitive  protein  binding  radioassay  for  the  estimation  of 
urinary  and  plasma  cortisol  was  described. 

2.  The  analytical  method  was  studied  and  shown  to  be  reliable. 

3.  Urine  and  plasma  specimens  obtained  from  25  normal  adults,  17 
children,  32  normal  pregnant  women,  and  212  patients  with  various 
conditions,  were  analyzed  for  cortisol. 

4.  The  mean  value  of  urinary  cortisol  in  normal  adults  was  48.85  ± 
24.25  (S.D.)  yg/24  hr  with  a  range  of  9-117  yg/24  hr.  The  plasma 
cortisol  values  ranged  from  4  to  25  yg/100  ml  at  8-9  a.m.  and  from 
1  to  13  yg/100  ml  at  3-4  p.m. 

5.  Values  found  in  certain  pathological  conditions  were  given. 

6.  Physiological  and  pathological  variations  in  urinary  and  plasma 
cortisol  concentrations  were  discussed. 

7.  The  measurement  of  the  amount  of  free  cortisol  excretion  in  the 
urine  was  found  to  be  extremely  valuable  for  the  detection  of 
adrenocortical  overactivity.  The  values  had  no  overlap  with  the 
normal  range  and  the  mean  was  about  6  times  the  normal  value. 
Remarkably  high  values  were  found  in  cases  with  ACTH-producing 
neoplasms . 
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